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[57] ABSTRACT 

The present invention is a method of using me BK enhances 
in tandem with a eukaryotic promoter to promote transcrir, i- 
tion of DNAthat encodes a useful substance. The method of 
the present invention requires the presence of the E1A gen e 
product for maximum expression of the useful siibstancis. 
The present invention also comprises a number of usefiil 
expression vectors that comprise the BK enhancer in tandem 
with the adenovirus 2 late promoter positioned to dm« 
expression of a variety of proteins, such as protein C 
chloramphenicol acetyltransferase, and tissue piasminog<sa 
activator. The present invention further comprises a method 
for increasing the activity of the BK enhancer involving 
placement of the BK enhancer immediately upstream of the 
eukaryotic promoter used in tandem with the BK enhancer 
to drive expression of a useful substance. Furthermore, the 
mesent invention also comprises a method for coamphfica- 
Son of genes in primate cdls. Additionally, the invention 
further comprises the recombinant human protein C mol- 
ecule produced in 293 ceils which comprises nova glycc- 
sylation patterns. 
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METHOD OF USING EUKAKYOTIC 
EXPRESSION VECTORS COMPRISING THE 
BK VIRUS ENHANCER 

This application is a division, of application Set. No. 5 
08/208530 filed Mar. 9, 1994 which is a continuance of 
application Set No. 07V368,700, filed Jun. 20, 1989, now 
abandoned, which is a continuation in port of application 
Set No. 07/250,001, filed Sep. 27, 1988, now abandoned, 
which is a continuation in paxt of application Set No* W 
07/129,028, filed Dec 4, 1987, now abandoned, which is a 
continuation in part of application Set No* 849,999, filed 
Apr. 9, 1986, now abandoned. 

BACKGROUND OF THE INVENTION is 

The present invention concerns a method of using lbs BK 
enhancer in the presence of an immediate- caiiy gene product 
of a large DKA virus to increase transcription of a recom- 
binant gene in eukaryotic host cells. The BK enhancer is a 
defined segment of DNA that consists of three repi sated 
sequences (the prototype BK enhancer is depicted in 
Example 17, below). However, a wide variety of BK 
enhancer variants, not all consisting of three rep sated 
sequences, are known in the art and suitable for use is the 
invention. 

The BK enhancer sequence exemplified herein is obtained 
from BK vims, a human papovavirus that was first isolated 
from the urine of an immunosupprcssed patient BK virus is 
suspected of causing an unapparent childhood infection and ^ 
is ubiquitous in the human population. Although BK virus 
grows optimally in human cells, the virus undergoes an 
abortive cycle in non-primate cells, transforms rodent cells 
in vitro, and induces tumors in hamsters. BK virus is very 
similar to SV40, but the enhancer sequences of the; two 33 
papovavinxses, SV40 and BK, differ substantially in nucle- 
otide sequence. The complete nucleotide sequence of BK 
virus {-S2 kb) has been disclosed by Seif ct aL, 1979, Cell 
18:963, and Yang and Wu, 1979, Science 206:456. Prototype 
BK virus is available from the American *type Oilture ^ 
Collection (ATCC), 12301 Faiklawn Dt, Rodcvflle, Md 
20852-1776, under the accession number ATCC VR-837. A 
restriction site and function map of prototype BK virus is 
presented in FIG* 1 of the accompanying drawings. 

Enhancer elements are cis-acting and increase the level of 43 
transcription of an adjacent gene from its promoter in a 
fashion that is relatively independent of the position and 
orientation of the enhancer element In fact, Khoury and 
Gruss, 1983, Cell 33313, state that "the remarkable ability 
of enhancer sequences to function upstream from, wittin, or 50 
downstream from eukaryotic genes distinguishes them, from 
classical promoter elements ..." and suggest that certain 
experimental results indicate mat "enhancers can ad: over 
considerable distances (perhaps >10 kb).** 

The present invention teaches that unexpected ina-eases ss 
in transcription result upon positioning the BK enhancer 
immediately upstream of (on the 5* side of) the **CAAT* 
region of a eukaryotic promoter that is used in tandem with 
the BK enhancer to transcribe a DNA sequence encwling a 
useful substance. The CAAT region or 'Immediate upstream 60 
region* or "-80 homology sequence" is a cis-Jicting 
upstream element that is a conserved region of nucleotides 
observed in promoters whose sequences for transcriptional 
activity have been dissected. The CAAT region is found in 
many, but not all, promoters. In other promoters, equivalent 65 
ds-acting upstream elements are found* including SP1 tend- 
ing sites, the octa sequence, nuclear factor 1 binding sites. 
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the API and AP2 homologies, glucocorticoid lesponse 
elements, and heat shock response elements. The CAXT 
region equivalent in the adenovirus major late promoter is 
the upstream transcription factor (UTT) binding site 
(approximate nucleotides -50 to -65 upstream of the CAP 
site). The CAAT sequence mediates the efficiency of tran- 
scription and, with few exceptions, cannot be delete with- 
out decreasing promoter strength. 

Enhancer elements have been identified in a number of 
viruses, including polyoma virus, papilloma virus, 
adeaovinis ? ietrovirus, hepatitis virus, cytomegalovirus, her- 
pes virus, papovaviruses, such as simian virus 40 (SV40) 
andBK, and in many non-viral genes, such as within mouse 
immunoglobulin gene introns. Enhancer elements may also 
be present in a wide variety of other organisms. Host cells 
often react differently to different enhancer elements. This 
cellular specificity indicates that host gene products interact 
with the enhancer element during gene expression. 

B n h a nc er elements can also interact with viral gene 
products present in the host cefl. Velcidi and 22ff, 19J53, Cell 
40:705; Bandli et aL, 1984, Nature 312:6*08; and Hen et al„ 
1985, Science 230:1391, disclose that the adenovirus ^ early 
region 1A (E1A) gene products repress activation of tran- 
scription induced by the SV40, polyoma virus, mouse 
immunoglobulin gene and adenoviros-2 E1A enhancers. 
Eokaryottc expression vectors that utilized enhancers to 
increase transcription of recombinant genes consequently 
were not expected to work better than vectors without 
enhancers in ElA-containing host cells. In striking c ontrast 
to the prior art methods of using enhancers, the present 
method for using the BK virus enhancer element involves 
using the E1A gene product or a similar immediate-early 
gene product of a large DNA virus to maximize gene 
expression. Thus, the present invention teaches that the 
ability of the BK enhancer to promote transcription of DNA 
is increased in the presence of the E1A gene product of any 
adenovirus. 

The E1A gene product (actually, the E1A gene produces 
two products, which are collectively referred to herein as 
"the E1A gene product") is an immediate-early genej sroduct 
of adenovirus, a large DNA virus. The present invention 
encompasses the use of any immediate-early gene product of 
a large DNA virus that functions similarly to the ElA gene 
product to increase the activity of the BK enhancer. The 
herpes simplex virus ICP4 protein, described by DcLuca et 
aL, 1985, MoL Cefl. BioL 5: 1997-2008, the pseudorabies. 
virus IE protein, described by Feldman et at, 1982 PJSUIS. 
79:4952-4956, and the E1B protein of adenovirus are all 
immediate-early gene products of large DNA viruses that 
have functions similar to the ElA protein. Therefcure, the 
method of the present invention includes the use of the ICP4, 
IE, orElB proteins, either in the presence or absence of ElA 
protein, to increase the activity of the BK enhancer. 

SUMMARY OF THE INVENTION 

The present invention concerns a method of using the BK 
virus enhancer in the presence of an immediate-early gene 
product of a large DNA virus* such as the E£A gene product 
of adenovirus, for purposes of increasing transaction and 
expression of recombinant genes in eukaryotic host cells. 
Another significant aspect of the present invention rehites to 
a variety of expression vectors that utilize the BK enhancer 
sequence in tandem with a eukaryotic promoter, such as the 
adenovirus late promoter (MLP), to drive expression of 
useful products in eukaryotic host ceils. Many of these 
expression vectors comprise a BK enhancer-adenovirits late 
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promoter cassette, which can be readily transferred to other 
vectors for use in the present method The versatility of the 
present expression vectors is demonstrated by the high-level 
expression driven by these vectors of such diverse proteins 
as chloramphenicol acetyltransf erase, protein C, tissue plas- 
minogen activator, and modified tissue plasminogen ai:trva- 
tor. 

In the construction of certain vectors of the invention the 
BK enhancer and SV40 enhancer were placed in tandan at 
the front (5*) end of the MLF, itself positioned to drive 
expression of a recombinant gene on a recombinant DNA 
expression vector. This tandem placement yielded unexpect- 
edly higher levels of expression in cells that did not express 
the immediate-early geoe product of a large DNA 1 ranis. 
Consequently, a further aspect of the invention is a method 
of producing a gene product in a recombinant host cell mat 
comprises transfonning the host cell with a recombinant 
DNA vector that comprises two different enhancers placed at 
the 5' end of the coding sequence for the gene product and 
culturing the transformed cell under conditions that <dlow 
for gene expression. 

The practice of the invention to express human protein C 
in adcnovinis-transformed cells led to the discovery (hat 
such cells are especially preferred hosts for the production of 
v-carboxylated proteins. Consequently, a farther aspect of 
the invention comprises a method for making ?-carboxylated 
proteins. 

Yet another important aspect of the present invention 
concents a method of increasing the activity of the BK 
enhancer relative to an adjacent eukaryotic promoter aid is 
illustrated using the BK enriancer-adenovims-2 late pro- 
moter cassette. These derivatives were constructed by enzy- 
matic treatment that positioned the BK enhancer very close 
to the CAAT region of the adenovirus-2 late promoter. 
Dramatic increases in expression levels, as compared with 
constructions that lack this positioning, were observed when 
these modified BK enhancer-adenovirus late promoter 
sequences were incorporated into expression vectors and 
then used to drive expression of useful gene products in 
cukaryotic host cells. Thus, the present invention provi<lcs a 
method for increasing the activity of the BK enhancer 
relative to an adjacent eukaryotic promoter that comprises 
positioning the enhancer immediately upstream, within 0 to 
about 300 nucleotides, of the 5* end of the CAAT region or 
CAAT region equivalent of the eukaryotic promoter. 

Yet another aspect of the invention results from attempts 
to increase expression of recombinant products encoded on 
the vectors described herein by ^corporation of portions of 
the tripartite leader sequence of adenovirus into those 
expression vectors. Significant increases in expression result 
when the first part of the tripartite leader of adenovirus is 
encoded into a recombinant DNA expression vector, and 
such expression can be further increased in some situations 
by action of the VA gene product of adenovirus. 

An additional aspect of the present invention concerns a 
method of arnplification of genes in primate cells. The most 
widely used method for gene amplification employs the 
murine dihydrofolate reductase gene for selection and 
amplification in a dhfr deficient cell line. Human polypep- 
tides often require post-translational modifications wiiica 
occur most efficiently in primate cells, yet most primate cells 
cannot be directly selected or amplified using only the dhfr 
system. The present invention provides a method wherein 
the primate cells are first isolated using a directly selectable 
marker, then amplified using the dhfr system, thereby sig- 
nificantly increasing the expression levels from priioate 
cells. 
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protein CnSL^ JT^?^ **°inbinanl: human 
prwan C molecules deaved from 293 cells containfe^ 
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Antibiotic— a substance produced bv » r™^^ . 

growth of or kfll another microo^^ £ 

encoaes an actmey that confers resistance to an anta*. 

^Ap^fce ampicillJn-resistant phenotype or gene lM nfer- 

Owimg^process of incorporating a segment of DNA 
into a recombinant DNA cloningvector 

coSg^°^ CB ^- iesistant 'p he ^ - g=ne 

dhfr— dihydrofolate reductase, 
of K^ ASegme "f fflprisin 8 thcSV40 "dyprcmoter 

ferrinfsame! ^^^""^^'P^otspe or gene con- 

seoSc; DNAenCOdinSaain£r0n ' **° ^^"cr^g 

aB Jw C DNA Vims - a euiaryotic cells 

Mdha^a genome greater than -lOkb msize, Le^any offte 

LT" 5 "* adcnovituSM . and herpes viruses. 7 
^li^*"* 1 ? m t jor ^ PKwioter of adenovirus, which is 
to herein as the late promoter of aden^rus. 
NeoR-the neomycin xeslstance-coafcrxing gene, which 
be used to confer G418r«istancem «^ch2 

ori— aplasmid origin of replication. 
PA-aDNA sequence encoding apolyadenylation signal. 
D S^ m ^ tefasta ^' of 

^omWnant DNAEspression Vector-any recombinant 
f^t * VCCtCr «»=Prising « promoter and assodaS 
f^JI*' mt0 Wbicfa * DN A molecule that encodes a 
useful product can be inserted and expressed. 

Recombinant DNA Vector — any recombinant DNA clon- 
ing or expression vector. 

Replicon-any DNA sequence that controls the replfca- 
non of a recombinant DNA vector. 

,3„ eStI i dion Rapnent-any linear DNA generated by the 
acnon of one or more restriction enzymes. 

rRNA — ribosomal ribonucleic add. 

Sensitive Host Cell-a host cell that cannot grow in the 
presence of a given antibiotic or other toxic compound 
without a DNA segment that confers resistance thereto 
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Structural Gene — any DNA sequence that encodes a 
polypeptide, inclusive of that DNA encoding the start and 
stop codons. 

Structural Polypeptide — any useful polypeptide, 
including, but not limited to t human protein C, tissue plas- 
minogen activator, insulin, thrombomodulin, factor Va or 
factor YHIa. 

TcR— the tetracyclinc-rcsistant pgenc type or gene con- 
ferring same. 

Transformant — a recipient host cell that has undergone 
transformation* 

Transformation — the introduction of DNAinto a recipient 
host celL 

tRNA — transfer ribonucleic add. 

* BRIEF DESCRIPTION OF THE FIGURES 
HG. 1 is a restriction site and function map of BK virus. 
FIG. 2 is a restriction site and function map of plasmid 
pBKEl. 

FIG. 3 is a restriction site and function map of plasmid 
pBKneol. 

FIG. 4 is a restriction site and function map of plasmid 
pSV2cat 

HG. 5 is a restriction site and function map of plasmid 
pLPcat 

HG. 6 is a restriction site and function map of plasmid 
pBLcat 

FIG. 7 is a restriction site and function map of plasmid 
pBKcaL 

HG. 8 is a restriction site and function map of plasmid 
pSBLcat 

HG. 9 depicts the construction and presents a restric tion 
site and function TP^p of plasmid pL133. 

FIG. 10 is a restriction site and function map of plasmid 
pLPC 

FIG. 11 is a restriction site and function map of plasmid 
pLPC4. 

FIG. 12 is a restriction site and function map of plasanid 
pSV2hyg. 

FIG. 13 is a restriction site and function map of plaiunid 
pLPChyg. 

FIG. 14, parts 1-3 depict the construction and presents a 
restriction site and function map of plasmid pBW32. 

HG. 15 is a restriction site and function map of planmid 
pLPChdl. 

HG. Itf is a restriction site and function map of plasmid 
phd. 

HG. 17 is a restriction site and function map of plaismid 
pUPCElA. 

HG. 18 is a restriction site and function map of plasmid 
pBLT. 

HG. 19 is a restriction site and function map of plasmid 
pBLThygt 

HG. 20 is a restriction site and function map of plasmid 
pBLTdhfrl. 

FIG. 21 is a restriction site and function map of plasmid 
pTPA602. 

HG. 22 is a restriction site and function map of plasmid 
pTPA6X>3. 

HG. 23 is a restriction site and function map of plasmid 
phdTPA. 

HG. 24 is a restriction site and function map of plasmid 
phdMTPA 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Hie present invention concerns an improved method for 
producing a useful substance in a eukaryotic host cell 
wherein said cell is transformed with a recombinant DNA 
vector that comprises a eukaryotic promoter, a£K enhancer 
positioned to stimulate said promoter, and a DNA sequence 
that encodes said useful substance, said sequence being 
positioned for expression from said promoter, and wherein 
said cell containing said vector is cultured under conditions 
suitable for expression of said useful substance, wherein the 
improvement comprises: (a) providing said cell with a DNA 
sequence mat codes for the expression of an immediate- 
early gene product of a large DNA virus; and (b) cnl ruri ng 
said cell of step a) under conditions suitable for expressing 
said gene product and stimulating the activity of said 
enhancer. Those skilled in the art recognize that many 
established cell lines express an immediate-early gene prod- 
uct of a large DNA virus and mat such cell lines are 
especially useful in the present method. Thus, the present 
invention also comprises an improved method for producing 
a useful substance in a eukaryotic host cell wherein said ccfl. 
Is transformed with a recombinant DNA vector that com- 
prises a eukaryotic promoter, a BK enhancer positioned to 
stimulate said promoter, and a DNA sequence that encodes 
said useful substance, said sequence being positioned for 
expression from said promoter, and wherein said cell con- 
taining said vector is cultured under conditions suitable for 
expression of said useful substance, wherein the improve- 
ment comprises: (a) inserting said vector into a eukaryotic 
host cell mat expresses an immediate-early gene product of 
a laige DNA virus, and (b) culturing said cell of step a) under 
conditions suitable for expressing said gene product and 
stimulating the activity of said enhancer. 

An important aspect of the present invention is the novel 
group of expression vectors that comprise the BK enhancer 
sequence in tnn4**n with the adenovirus-2 late promoter. 
The expression vectors of the present invention were con- 
structed so that DNA molecules encoding useful products 
can be or have been readily inserted into the vectors in the 
correct position for expression. Furthermore, the BK 
enhancer sequence and eukaryotic promoter have been con- 
structed to form a "cassette" which can be isolated from the 
expression vectors on a relatively small restriction fragment 
The cassette can be readily shuttled between a variety of 
expression vectors. The expression vectors specifically 
exemplified herein utilize the adenovirus-2 or BK late 
promoter in the BK enhancer-eukaryotic promoter, cassette 
that drives transcription in the method of the present inven- 
tion. 

Although BK virus (ATCC VR-837) can be purchased or 
readily isolated in large quantities as described in Example 
1, it is also convenient to clone the BK viral DNA onto a 
plasmid cloning vector and use the recombinant vector as a 
source of BK viral DNA sequences. Consequently, BK viral 
DNA was digested with restriction enzyme EcoRL which, 
due to the presence of only one EcoRI site on the BK 
genome, produced linear BK DNA. Hasmid pUC8 
(available from Bcthesda Research Laboratories (BRL), P.O. 
Box 6009, Gaithersburg, Md. 20877) was likewise digested 
and linearized with ; restriction enzyme EcoRI and the 
EcoRI-cut plasmid pUCS DNA was Ugated to the EcoRI-cut 
BK viral DNA to form plasmids pBKEl and pBKS2, which 
differ only with respect to the orientation of the BK viral 
DNA. A restriction site and function map of plasmid pBKEl 
is presented in FIG. 2 of the accompanying drawings. The 
construction of plasmids pBKEl andpBKE2 is described in 
Example 2. 
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The BK viral genome has also been combined with a 
portion of plasmid pdBPV-MMTneo to construct plasinids 
pBKneol and pBKneoZ Plasmid pdBPV-MMTneo, about 
13 *b in size and available from Ac ATCC under the 
accession number ATCC 37224, comprises the replicon and 
P-lactamase gene from plasmid pBR322, the mouse metal- 
lothionein promoter positioned to drive egression of a 
structural gene that encodes a neomycin resistance- 
conferring enzyme, and about 8 kb of bovine papilloma 
virus (BPV) DNA. Plasmid pdBPV-MMTneo can be 
digested with restriction enzyme BamHI to generate two 
fragments: the -S Jdb fragment that comprises the BPV DNA 
and an -7 kb fragment mat comprises the other sequences 
described above. BK virus has only one BamHI restriction 
site, and plasmids pBKneol and pBKneo2 were constructed 
by ligating the ~7 kb BamHI restriction fragment of plasmid 
pdBPV-MMTneo to BamHI-linearized BK virus DNA. The 
construction of plasmids pBKneol and pBKneo2, which 
differ only with respect to the orientation of the BK virus 
DNA, is described in Example 3, and a restriction site and 
function map of plasmid pBKneol is presented in HG. 3 of 
the accompanying drawings. 

Plasmids pBKEl, pBKE2, pBKneol, and pBKneo2 each 
comprise the entire genome of the BK virus, including the 
enhancer sequence, and thus serve as useful starting mate- 
rials for the expression vectors of the present invention. One 
such illustrative expression vector, plasmid pBLcat com- 
prises the BK enhancer sequence in tandem with the human 
adenovirus-type-2 late promoter positioned to drive expres- 
sion of the chloramphenicol acetyltransferase enzymes 
(CAT). Plasmid pSV2cat serves as a convenient source oJ: 
the CAT gene and can be obtained from the XTCC under the 
accession number ATCC 37155. Arestriction site and fane- 
don map of plasmid pSV2cat is presented in HG. 4 of the 
accompanying drawings. Human adenovirus-type-2 DNA is 
commercially available and can also be obtained from the 
ATCC under the accession number ATCC VR-2. 

Illustrative plasmid pBLcat was constructed by ligannjs 
the -032 kb late-promoter-contaiamgAc^ 
fragment of human adenovirus-type-2 DNA to blunt-ended 
Bell linkers mat attached only to the PvuH end of the 
AccI-PvuH restriction fragment The resulting fragment was 
men ligatedto the -441 kb.AccI-StuIrestriction fragment cf 
plasmid pSV2cat to yield intermediate plasmid pLPcat, f cr 
which arestriction site and function map is presented in FIG. 
5 of the accompanying drawings. The desired plasmid 
pBLcat was constructed from plasmid pUPcat by Hgating the 
origin of replication and enhancer-containing, -1.28 kb 
AccI-PvuH restriction fragment of BK virus DNA to th e 
-4.S 1 kb AccI-StuI restriction fragment of plasmid pUPcat 
A restriction site and function map of the resultant plasmid 
pBLcat is presented in HG. 6 of the accompanying draw- 
ings. The construction of plasmid pBLcat is furthisr 
described in Example 4. 

Plasmid pBKcat is an expression vector that further 
exemplifies the present invention and utilizes the BK 
enhancer and BK late promoter to drive expression of 
chloramphenicol acetyltransferase, Plasmid pBKcat wis 
constructed in a manner analogous to mat described for 
plasmid pUPcat Thus, the -4.51 kb Accl-Stal rcstric&m 
fragment of plasmid pSV2cat was ligated to the -L28 cb 
Acc£pvuII restriction fragment of BK virus such that ttie 
BK late promoter is in the correct orientation to dnve 
expression of the CAT gene. A restriction site and function 
map of plasmid pBKcat is presented in FIG. 7 of the 
accompanying drawings. 

Plasmid pBLcat is a convenient source of the BK 
enhancer-adenovirus late promoter "cassette" of the present 
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invention. This cassette is an -870 bp HindHI restriction 
fragment that can be conveniently inserted into a eukaryotic 
expression vector to increase expression of a product 
encoded by that vector. This was done by digesting plasi ma 
pSV2cat with restriction enzyme HindHI and inserting the 
BK cahanccr-adenovirus late promoter cassette. The result- 
ant plasmid, designated as plasmid pSBLcat, contains the 
SV40orisrfn of iepHcation, SV40 early promoter, and SV40 
enhancer and therefore differs from plasmid pBLcat in 
which those sequences have been deleted. The tandem SV4Q 
eahancer-BK enhancer-adenovirus major late promoter 
(SBLpromoter) cassette canbe excised fromplasmid pSBL- 
cat on a PvuH restriction enzyme fragment, which can be 
conveniently inserted into any recombinant DKA expresirion 
vector. 

Plasmid pSBLcat drives expression of CAT to higher 
levels than docs plasmid pBLcat, so long as no E1A gene 
product is present This increased expression in the abs<snce 
of HA gene product indicates that the two enhancers, one 
from SV40 and the other from BK, have an addidve, 
enhancing effect on transcription from nearby promoter*. To 
assess the strength and utility of the SBL promoter, me 
cHoramphenicol acetyltransferase (CAT) expression vector, 
pSBL-CAT, was transf ected vector into a variety of mam- 
malian host cells, and the level of CAT activity was mea- 
sured 48 to 72 hours later as described by Gorman, etaL, 
1982, MoL Cell. BioL 2:1044-1051. The level of CAT 
activity obtained frompSV2-CXT, in which the CAT gene is 
driven by the strong SV40 early promoter, was useji for 
comparative purposes. The SBLpromoter was 3 to 6 fold 
stronger than the SV40 early promoter in the following cell 
linesTBHK-21, HcLa, MK2, 008-1, 293, CTO <rt mil 
able from the Americanly Culture OT ^°*>'J^^ 
fvariri et aL, 1984. Oncer Res. 44:681-€87), K816 
(GrinneU et at, 1986, MoL Cell BioL 63596-3605), aid an 
adeaovims-transformed Syrian hamster tumor hne, AV12, 
described below, In primary human embryonic kidney cells 
and liver cells, CAT activity was detected after transaction 
wimpSBI^^butnotwimpSV2^.Almoughe2Laent 
expression from the MLP could be obtained with either the 
BK(pBL^AT)orSV40 enhancer (pSL-CAT, apl^mdtlwt 
is analogous to plasmid pSV2-CAT, except that the SV40 
early promoter is replaced with the adenovirus 2 ma^r late 
promoW, described by GrinneU et aL, 1986, MoL Cdl BwL 
63596-3605), these single enhancer constructs did not 
function efficiently in aU cells. For example ,pSV2-CA T was 
3 fold stronger than pSL-CAT in 293 cells and 10 fold 
stronger than pBL-CAT in HeLa cells. Thus, the use of 
tandem enhancer sequences upstream of a eukaryotic pro- 
moter results in a strong and versatile promoter that displays 
little host cell dependence, and therefore can be used » the 
efficient expression of genes in a wide variety of maminahan 
cells. 

However, in the presence ofElAgene product, pLasmid 
pBLcat drives expression of CAT to Mgha rlevds than does 
ptoddpSBLcaVpresunably because the SV40 enhancer is 
inhibitedby the E1A gene product. Conversely, m HeLa 
cells, the SV40 enhancer stimulated wnsa^don £c an toe 
^ovirusZmjorlatepromoterCAd^^b^ 

BK enhancer only stimulated transenptton j^*°"LP 
1 5 fold in HcLa cells. Because the basal level of BK ;icttvrty 
£ IKUcdb is so low, stimulation of that activity vtth the 
SSL^arly gene product of a large DNA virus, such as 
iTp^ein. stm does not result in optimal expression 
levels This low level- activity of the BK enhancer u HeLa 
cells is thought to be due to a repressor actrolyprwcnt in 
HeLa cells that interacts with the BK enhancer. This rcpres- 
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sor activity in HeLa cells can be titrated out by introducing 
more copies of the BK enhancer into the HcLa celL Jn fact, 
in the HeLa cell line, E1A may increase the level of the 
repressor. However; optimal expression levels can be 
obtained in HeLa cells using the tandem SV40 enhancer BK 
enhancer of the invention, This tandem enhancer Arcs has 
the advantage of avoiding cell-specific negative interactions 
that may be encountered, as in HeLa cells, in some host 
cells. Arestriction site and function map of plasmid p£!BLcat 
is presented in HG. 8 of the accompanying drawing and 
the construction of plasmid pSBLcat is descril)cd in 
Example 5. 

The BK. enhancer-adenovirus late promoter cassette has 
also been used to improve expression of human protein C 
This was done by ligaring the cassette into plasmid ]3L133, 
a plasmid disclosed and claimed in ILS. patent application 
Ser. No. 699,967, filed Feb. 8, 1985, incorporated ham by 
reference. A restriction site and function map of plasmid 
pL133 is presented in FIG. 9 of the accompanying drawings. 
Plasmid pL133, the construction of which is given in 
Example 6, was digested with restriction enzyme lEndlH 
and then ligated to the -0.87 Jd> HindTTT restriction fntgment 
of plasmid pBLcat to yield plasmid pLPC. A restrict! on site 
and function map of plasmid pUPC is presented in FIG, 10 
of the accompanying drawings, and the construction of 
plasmid pLPC is further described in Example 7. 

Plasmid pLPC, lifce plasmid pL133, comprisiss the 
enhancer, early and late promoters, T-antigen-bindinij sites, 
and origin of replication of SV40. Thus, use of plasmid 
pLPC and derivatives thereof in any recombinant hart cells 
is illustrative of the tandem enhancer expression method of 
the invention, Plasmid pLPC served as a useful starting 
material for many vectors of the invention, including plas- 
mid pSBL. Plasmid pSBL was constructed by deleting the 
protein G-cncoding DNA on plasmid pLPC This ddetion 
merely requires excision of plasmid pLPCs singl: BcU 
restriction fragment by digestion with BcU and self-Iij jation. 
The resulting plasmid pSBL serves as a convenient expres- 
sion vector for use in the tandem enhancer method of the 
invention, for coding sequences of interest can be itadily 
inserted at the sole remaining Bell site. 

The SV40 elements present on plasmid pLPC are si mated 
closely together and difficult to delineate. The binding of T 
antigen to the T-antigen-binding sites, which is necessary for 
SV40 replication, is known to enhance transcription from 
the SV40 late promoter and surprisingly has a similar effect 
on the BK late promoter. Because the high level of 
T-antigen-driven replication of a plasmid that compriites the 
SV40 origin of replication is generally lethal to the host cell, 
neither plasmid pLPC nor plasmid pL133 are stably main- 
tained as episamal (extrachromosornal) elements :in the 
presence of SV40 T antigen, but rather, the two pkismids 
must integrate into the chromosomal DNA of the host cell to 
be stably maintained. 

The overall structure of the BK enhancer region is; quite 
similar to that of SV40, for the BK enhancer, origin of 
replication, early and late promoters, and the BK analogue 
of the T-antigen-binding sites are all closely situated and 
difficult to delineate on the BK viral DNA. However, when 
grown in the presence of BK T antigen, a plasmid mat 
comprises the BK origin of replication and T-antigen- 
binding sites does not replicate to an extent that proves lethal 
and is stably maintained as an episomal dement in the host 
cell. In addition, the T-antLgcn-driven replication can be used 
to increase the copy number of a vector comprising die BK 
origin of replication so that when selective pressure is 
applied more copies of the plasmid integrate into the host 
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cell's chromosomal DNA. Apparently due to the amflar 
stracturc-functionrclalionships between theBKandSrV40T 
antigens and their respective binding sites, BKrcpliatrion is 
also stimulated by SV40 T antigen. To construct a derivative 
of piasmid pLPC that can exist as a stably-inaiiitained 
element in a transformed eukaryotic cell, the entire BK 
genome, as an EcoRI-linearizcd restriction fragment, was 
inserted into the single EcoRI restriction site of pilasmid 
pLPC This insertion produced two plasrnids, designated 
pLPC4 and pLPC5, which differ only with respect to the 
orientation of the BK EcoRI j&agment A restriction site and 
function map of piasmid pLPC4 is presented in FIG. 11 of 
the accompanying drawings, and the construction of plas- 
mids pLPC4 andpLPCS is farther described in Example 8. 

Episomal maintenance of a recombinant DNA expression 
vector is not always preferred over integration into the host 
cell chromosome, However, due to the absence of a sjelect- 
able marker mat functions in eukaryotic cells, the identifi- 
cation of stable, eukaryotic transf armants of piasmid pLPC 
is . difficult, unless piasmid pLPC is cotransfonned with 
another piasmid mat does comprise a selectable marker. 
Consequently, piasmid pLPC has been modified to produce 
derivative plasmids that are selectable in eukaryotic: host 
cells. 

This was done by Hgating piasmid pLPC to a portion of 
piasmid pSV2hyg, a piasmid that comprises a hygroinycin 
resistance^nf erring gene. A restriction site and function 
map of piasmid pSV2hyg, which can be obtained from the 
Northern Regional Research Laboratory (NRRL), Peoria, 
IL 61640, under the accession number NRRL B-18Q39, is 
presented in FIG. 12 of the accompanying drawings. Pias- 
mid pSV2hyg was digested with restriction enzyme BamHI, 
and the -2.5 Id? BamHI restriction fragment, which com- 
prises the entire hygroinycin resistance-conferring gene, was 
isolated, treated with Klenow enzyme (the large fragment 
produced upon subtOisin cleavage of E. coU DNApoljrmer- 
ass 1), and then ligated to the Ktenow-treated, -5.S2 kb 
Ndel-StuI restriction fragment of piasmid pLPC to yield 
plasmids pLPChygl and pLPChygZ Plasmids pLPChygi 
and pLPChyg2 differ only with respect to the orientation of 
the hygromycin distance-inferring fragment A restric- 
tion site and function map of piasmid pLPChygl is pre- 
sented in FIG. 13 of the accompanying drawings, and the 
construction protocol for plasmids pLPChygl and 
pLPCoyg2 is described in Example 9. 

Plasmids pLPChygl and pLPChyg2 can be readily modi- 
fied to contain the BK virus genome. As stated above, 
expression of BK T-anttgen in a host cell containing a 
piasmid comprising the BKT-antigen binding sites increases 
the copy number of the piasmid. If the piasmid also <x>ra- 
prises a selectable marker, selection after T-antigen stimu- 
lated replication will result in integration of more copia of 
the piasmid into the host's genomic DNA than would occur 
in the absence of T-antigen stimulated replication. Ptas;nids 
pLPChygl and pLPChyg2 each comprise two EcoRI sites, 
one in the HmR gene and the other in the pBR322-derived 
sequences of the piasmid. Piasmid pLPChygl was partially 
digested with EcoRI to obtain cleavage only at the pBR322- 
derived EcoRI site and then ligated with EcoRI-digested BK 
virus DNA to yield plasmids pLPChTl and pLPChT2, 
which differ only with respect to the orientation of the BK 
virus DNA. Plasmids pLPChTl and pLPChT2 are useful 
derivatives of piasmid pLPChygl (and analogous construc- 
tions can be made using piasmid pLPChyg2 as starting 
material instead of pLPChygl) for purposes of integrating 
high numbers of copies of a protein C expression vector into 
the genome of a eukaryotic host celL 
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Human protein C expression plasmids similar to plasmids 
pLPChygl and pLPChyg2 containing the dihydiofoiatc 
reductase (dhfr) gene were constructed by inserting title dhfr 
gene-containing, Ktenow-treated -1.9 idbr BaniHI restriction 
fragment of piasmid pBW32 into the -5.82 to Ndel-StuI 
restriction fragment of piasmid pLPC The resulting 
plasmids, designated as pLPCdhfrl and pLPCdhfr2, differ 
only with respect to the orientation of the dhfr gen e. Hie 
construction of these plasmids is described in Example 11B. 

Piasmid pLPCbygl was further modified to introduce a 
dihydrofolate reductase (dhfr) gene. The dhfr gene is a 
selectable marker in dhfr-negatrve cells and can be used to 
increase the copy number of a DNA segment by exposing 
the host cell to increasing levels of methotrexate. The dhfr 
gene can be obtained from piasmid pBW32, a piasmid 
disclosed and claimed in U.S. patent application Stx. No. 
769,298, filed Aug. 26, 1985, and incorporated herein by 
reference. A restriction site and function map of piasmid 
pBW32 is presented in HG. 14 of the accompanying draw- 
ings. The construction protocol for piasmid pBTO2 is 
described in Example 10. 

The dhfr gene-containing, -1.9 kb BamHI restriction 
fragment of piasmid pBW32 was isolated, treated with 
Klenow enzyme, and inserted into partiaEy-EcoRI-digested 
piasmid pLPCbygl to yield plasmids pLPChdl and 
pLPChd2. Piasmid pLPChygl contains two EcoRI restric- 
tion enzyme recognition sites, one in the hygratnycin 
xeristance-conferring gene and one in the piasmid pBR322- 
derived sequences. The fragment comprising the dhfr gene 
was inserted into the EcoRI site located in the pB!R322- 
derived sequences of piasmid pLPChygl to yield plasmids 
pLPChdl and pLPChdZ A restriction site and function map 
of piasmid pLPChdl is presented in HG. 15 of the accom- 
panying drawings. The construction of plasmids pLFChdl 
and j£PChd2, which differ only with respect to the Men- 
tation of the dhfr gene-containing DNA segment, is 
described in Example 11. 

Piasmid pLPChdl was modified to form piasmid jfcd, a 
piasmid that contains both the present BK enhamcer- 
adenovirus late promoter cassette and also, the hygroinydn 
reristance-conferring and dhfr genes. To construct piasmid 
phd, piasmid pLPChdl was prepared from dam" £ coll host 
cells, digested with restriction enzyme Bell, and 
recuTCuiarized, thus deleting the human protein C-encoding 
DKA. Piasmid phd contains a single BcK restriction enzyme 
recognition site, which is conveniently positioned for the 
insertion of any sequence desired to be expressed from the 
BK erthancer-adenovirus late promoter of the present inven- 
tion. A restriction site and function map of piasmid phd is 
presented in HG. 16 of the accompanying drawings, arid the 
construction protocol for piasmid phd is described in 
Example 12. 

Another expression vector that further exemplifies the 
present invention and drives expression of human protein C 
is piasmid pLPCElA. Piasmid pLPCElA contains the E1A 
gene of human adenovirus type 2, the gene product of which, 
as described above, increases the activity of the BK 
enhancer. Thus, transcription from a promoter in tandem 
with the BK enhancer increases in the presence of the E1A 
gene product Piasmid pLPCElA was constructed by ttgat- 
ing the ElA gene-containing, -1.3 kb Ball restriction frag- 
ment of human adenovirus-rype-2 DNA with the -5.82 kb 
Ndel-StuI restriction fragment of piasmid pLPC A rejitric- 
tion site and function map of piasmid pLPCEI A is presented 
in HG. 17 of the accompanying drawings, and the construc- 
tion protocol for piasmid pLPCEIAis described in Example 
13. 
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Jh££%£ expression vectors of the present invention 
^zetheBKentonceMdeaovinB teeprSjoter asset* to 
anve eaprewwii of tissue plasminogen activator rrpAl or 

^t 14 > was *S«ac<i with restriction enzyme 
BamHE, and the resultant -5.6 kb fragment was recircular. 

encodes modifiedTPA and contains only one Hindllliestric- 

-^ttHmopies^ 

yield plasmid pBIX. Plasmid pBalScat comprises an 
improved BK enhancer-adenovirus late promoter cassette 
ad is described in Example 17. A restriction site aid 
function map of plasmid pBIX is presented in FIG. IS of t tic 
accompanymg drawings, and the consjruction protocol for 
plasmid pBIX is described in Example 14. 

^I*^£? a * ka * wereintroducediato Bamffi-digestiKi 
plasmid pBIX In one construction, the hygromychTresis- 
toce gene^ntaimng, -Z5 3d, BamHI restriction fragment 
L^^ d *™ys was inserted to yield pSls 
pBLThygl and pBUhyg2, and in another construction, die 
dtegene^ntainmg -1.9 kb BamHI restriction fragment of 
plasimd pBW32 was inserted to yield plasmids pBLTdhfil 
andpBIJdhfrl The four plasmids, pBIThygl, pBIThyg2 
^CTdhfrl, and P BIXdte2, differ only J^^X 
type antfc* orientation of the selectable marker. Axestriction 

^1™^°° ° f *** of ******* pBUhygl and 
pBLTdhfrl is respectively presented in FIGS. 19 and 20 of 
the accompanying drawings. The construction protocol fcr 
ptoads pBOhygl, pBIXhyg2, pBI^dhfrl, and pBU- 
dhfi2 is described in Example 15. 

Other expression vectors of the present invention that 
drrve expression of TPA or modifiedTPA were derived from 
ptosntid pTPAlG3, an intermediate used in the construction 
°li*^ d P BW3Z ^ c construction protocol for plasmid 
PTOA103 is described in Example 10, and a restriction site 
and function map of plasmid pTPA103 is presented in FIG. 
14 of the accompanying drawings. To construct these 
tovahves, a BamHI restriction site was introduced imme- 
diately before the 5* end of meT^codingregion of plasmid 
PTPA103. Plasmid P TPA1Q3 was digested with restriction 
en^me Hgal to isolate the -0.52 kb Hgal restriction frag- 
ment tot comprises the S end of the TPA coding region. 
AfterKknow treatment, the Hgal fragment was Hgated to 
BamHI linkers, digested with restriction enzyme BamHL 
and inserted into BamHMigested plasmid pBR322 to form 
plasrnids pIPAfiOl and pTPA602. A icsttiction site and 
function map of plasmid pTPA602, which differs from 
plasrmdpTPArjOl only with respect to the orientation of the 
inserted BamHIrcstriction fragment, is presented in FIG. 21 
or the accompanying drawings. 

Next, plasmid pTPA602 was digested with restriction 
enzymes Bglll and Sail, and the resultant -42 kb BglH-Sall 
restriction fragment was ligated to the -2.05 kb Sall-BglH 
r 2^ < ? ^Sme^ ef plasmid pTPA103 to form plasmid 
pTPA6X)3. Plasmid pTR\(5G3 thus contains the complete 
coding sequence for TPA bounded by a BamHI restriction 
site on both ends. A restriction site and function map of 
plasmid pTPA603 is presented in HG. 22 of the accompa- 
nying drawings. To construct a plasmid that is analogous to 
plasmid pTPA603 but that encodes a modified form of TPA, 
plasmid pTPA603 was digested with restriction enzymes 
Bglll and SsO, and the resultant -5.02 kb BglE-Sstl frag- 
ment was ligated to the -0.69 kb Bgffl-Sstl restriction 
fragment of plasmid-pBIZ The resultant plasmid, desig- 
nated as pMTPA603, was then digested with restriction 
enzyme BamHI, and the resultant -1.35 kb fragment was 
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isolated. This fragment aad the -1.90 kb BamEI restriction 
fragment of plasm i d pTPA603 were individuaJly ligiitcd in 
separate ligations to BcE-digcsted plasmid phd (FIG. 16) to 
form the respective piasmids phdMTPA and phflPA. 
Restriction site and function maps of piasmids phcTEA and 
phdMEPA are respectively presented in HGS. 23 and: 24 of 
me accompanying drawings. The construction of piasmids 
phoTPA and phdMTPA, beginning with the construction 
protocol for plasmid pTPA602, is described in Examj Oe 16. 

The present invention comprises a method for using the 
BK enhancer in tandem with a eukaryotic promoter to drive 
transcription and expression of DNA sequences in eukary- 
otic host cells mat express an immediate-early gents of a 
large DNA virus. Skilled artisans will recognize that virtu- 
ally any eukaryotic promoter can be used in tandem with the 
BK enhancer in the present method For example, the SV40 
early and late promoters , BK early and late promoters, early 
and late promoters of any of the polyoma viruses orpapova- 
viruses t herpes simplex virus thymidine kinase promoter, 
interferon al promoter, mouse metallothionein promoter, 
promoters of the retroviruses, p-globin promoter, promoters 
of the adenoviruses, sea urchin H2A promoter, conatfturnin 
promoter, ovalbninin promoter, mouse p-globin promoter, 
human (5 globin promoter, and the Rous sarcoma virus! long 
terminal repeat promoter, can all serve as the eubcyotic 
promoter in the method of the present invention. Moreover, 
any sequence containing a transcription start site, comjxwed 
of a *TXEA"-l£kc sequence with or without an ups xeam 
M CAAT M sequence, can serve as the promoter in the pr esent 
invention. Such promoters can be utilized in the present 
method by conventionally inserting the promoters into 
expression vectors comprising the BK enhancer as exem- 
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Skilled artisans will understand that a variety of.eukary- 
otic host cells can be nsed in the present method, so long; as 
the host cell expresses an immediate-early gene product: of 
a large DKA virus. Because the immediate-early gene prod- 
uct can be introduced into host cells by many means, .such 
as transformation with a plasmid or other vector, virtustlly 
any eukaryotic cell, can be used in the present method. 
Human are preferred host cells in the method of the 
present invention, because human cells are the natural host 
for BK virus and may contain cellular factors that serve to 
stimulate the BK enhancer. While human kidney cells are 
especially preferred as host cells, the adenovirus 
5-trarisformed human embryonic Iddney cell line 293, which 
expresses the E1A gene product, is most preferred and is 
available from the ATCC under the accession number ATCC 
CRL 15753. 

The 293 cell line is preferred not only because 293 cells 
express the E1A gene product but also because of the ability 
of the 293 cells to 7-carboxylate and otherwise properly 
process complex gene products such as protein C. 
*>CarboxyIation w refers to a reaction in which a carboxyl 
group is added to a glutamic add residue at the y-carbon, <md 
a y-carboxylated protein is a protein in which some amino 
acid residues have undergone 7-carboxylation. Kidney a ills 
normally y-carboxylate and otherwise process certain 
proteins, but 293 cells are transformed with adenoviius, 
which generally results in a loss of specialized functions. 
Consequently, the present invention also composes an 
improvement in the method for producing a protein that is 
naturally gamma carboxylated, properly folded, and pro- 
cessed wherein said protein is encoded in a recombinant 
DNA vector such that said protein is expressed when a 
eukaryotic host cell containing said vector is cultured under 
suitable expression conditions, wherein the improvement 
comprises: (a) inserting said vector into an adenoviras- 
transformed, human embryonic kidney cell; and (b) cullnr* 
ing said host cell of step a) under growth conditions and in 
rnfHfa containing sufficient vitamin Kf or carboxylation. The 
293N3S derivative of the 293 cell line is also suitable for iase 
in the present invention and is able to grow in suspension 
culture as described in Graham, 1987, J. Gen. Virol. 68:937. 

This method of producing a y-carboxylated protein is not 
limited to adenovirus-transformed human embryonic kidney 
cells. Instead, the method of producing a Y-carboxylated 
protein is broadly applicable to all adenovirus-transformed 
host cells. Those skilled in the art also recognize that the 
method can be practiced by first transforming a eukaryotic 
cell with an expression vector for a y-carboxyiated protein 
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TABLE 2 



tnrAa gggarfaole of HPC 



Sagtx 



iHPC- iHEC- 
Plasma HPC 293 cells BHK cells 



Fuok(Fuc) 

H-*^lgilaetoiinin» (GiINAc) 
N-«cetylgfaicc«anuiie (GfcNAc) 
Galactose (G*I) 
MsoDOtt (Man) 



OS 
0 
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9.1 

102 



16 
12A 
6j0 
&5 
5.4 



4.0 

0.62 
16.8 
10.6 
10.2 
10.9 



add (NcuAc) (Sadie and) 



This glyccsyl content data predicts that far plasma HPC 
and BHK-derived rHPC the oligosaccharides are predomi- 
nantly of N-Iinked complex triantennary structure. The 
giycosyl content for rHPC produced in 293 cells, however, 
predicts that most oligosaccharide chains are predominantly 
of the N-Iinked complex biantennary structure. 
The N-acetylgalactose residues present in rHPC delved 
from 293 cells are totally in N-linked oligosaccharide struc- 
tures and not o-linked because they can be totally refcsased 
by N-gLycanose digestion. The total removal of sialic acid 
from HPC with neuraminidase resulted in a 50% incrwtse in 
arnidorytfc activity and a 250-300% increase in anticoagu- 
lant activity, therefore, as the sialic acid content of the 
molecule is lowered, the functional activity of the ^molecule 
is increased. 

However, the removal of sialic acid and the concomitant 
exposure of the galactose residue on the non-reducing end of 
oligosaccharides of glycoproteins results in general, in a 
tremendous increase in the clearance rate of the glycoprotein 
by the liver, therefore asialylated glycoproteins arc not 
pharmaceuticaHy preferred. In rHPC derived from 293 ceils, 
the lowering of the sialic acid content is matched with a 
proportional lowering of the galactosyl content The ratio of 
gaIactose:sialic acid is the same in plasma PIPC, rHPC- 
BHK and rHPC-293 and is close to 1:1 in all three mol- 
ecules. The data demonstrates mat there are few cr no 
galactosyl residues at the non-reducing end of the oligosac- 
charides in the rHPC from 293 cells. This lower sialic acid 
content in rHPC from 293 cells is consistent with the 
interpretation of less branching in the N-linked oligosaccha- 
rides. This novel structure results in a molecule with 
increased activity which should not have an increased rate of 
clearance from the blood. As the biosynthesis of oligosac- 
charides on glycoproteins is in part regulated by the "machi- 
nal/* of the cells from which the glycoproteins are secreted, 
the methods of the present invention allow for the produc- 
tion of novel glycoprotein molecules from a wide variety of 
host cells. In particular, recombinant h uman protein C 
produced in AV12 cells also displays novel glycosylation 
patterns. 

The novel BK enhancer-cukaryotic promoter coniEtruc- 
tions described in Example 17 were constructed us:ag a 
method for improving the activity of the BK enhancer with 
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(c) colturing said cell of step b) under conditions suitable 
for expressing said VA gene product and for stimulating 
translation of said mRNA, 
subject to the limitation that said mRNA does not contain the 
entire tripartite leader of said adenovirus. 

Plasmi ds coding for VA have been constructed from 
adenovirus DNA A restriction fragment of 1723 bp, defined 
by a Sail site (at nucleotide 9833) and a HindTTI site (at 
nucleotide 11556), was isolated from adenovirus-2 DNAand 
cloned into HindTTI-Sall-digested plasmid pBR322, thus 
repiacing the 622 bp Sail-HindlH fragment of pBR322, to 
construct plasmid pVA A plasmid coding for neomycin 
resistance and VA has been constructed by isolating a 1S26 
bp Nrul fragment from plasmid pVA and inserting that 
fragment into Klenow-treated, BamHI-digested plasmid 
pSVNco (available from BRL). The resultant plasmid, des- 
ignated pVA-Neo, can be used to insert the VA gene into any 
cell Hue by selection of neomycin (G418) resistance after 
transforation. 

The VA gene product of adenovirus, however, may exert 
its greatest positive effect on expression of recombinant 
genes containing either the first part of the tripartite leader 
of adenovirus, or the entire tripartite leader, in the first few 
days following transformation of the host cell with a 
VA-encoding vector. ^Subsequent expression of the VA gene 
product in the host cell after the first few days may not give 
optimal expression levels. However, presence of the first 
part of the tripartite leader os the expression vector and 
resulting message wiE lead to increased expression of the 
product encoded by the mRNA, even is the absence of the 
VA gene product, in comparison to expression vectors and 
mRNA molecules that lack the first part of the tripartite 
leader. 

The T antigen of SV40, BK virus, or any other polyoma- 
virus can also be used with the vectors of the present 
invention to increase promoter activity and/or increase copy 
number of the plasmid by stimulating replication. SV40 T 
antigen stimulates transcription from both the adenovirus 
and BK late promoters. By including T-antigen-coding 
sequences on the expression vectors of the present invention 
or by cotransfection of the vectors with a plasmid(s) carry* 
ing T-anttgen-coding sequences, amplification of copy num- 
ber can be obtained prior to the application of selective 
pressure as out-lined in Example 18. This will allow for high 
copy number integration of the expression vector. 

Thus, in the preferred embodiment of the present 
invention, the recombinant DNA expression vector com- 
prises the BK enhancer of the prototype strain positioned 
less than 300 nucleotides upstream of the adenovirus late 
promoter, which itself is positioned to drive expression of a 
gene that encodes at least the Stst part of the tripartite leader 
and a useful substance. This preferred vector is used to 
transform human embryonic kidney 293 cells that have been 
modified, either before or after transformation with the 
expression vector, to express the VA gene product of an 
adenovirus. For stable transfbrmants. however, presence of 
the VA gene product may not be desired. 

The present invention also concerns a method of ampli- 
fying genes in primate cells. DNA encoding a directly 
selectable marker, the murine dmydrofolate reductase gene 
and a structural polypeptide is introduced into primate cells. 
Those cells which contain the directly selectable marker arc 
then rcisoiatcd and treated with progressively increasing 
amounts of methotrexate to amplify the genes for dihydro- 
folate reductase and the structural polypeptide. This method 
allows for a significant increase in the amount of the 
structural polypeptide gene that can be in the cells. 
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Many gene products require extensive post-translated 
modification lor functional activity. As some cell lines do 
not efficiently modify such gene products, it is advantageous 
to express these genes in those cell lines which can perform 
such modifications* Human protein C is one gene product 
which requires both gamma carboxylatton and the removal 
of apropiece after the translation of the gene. These post- 
transiational modifications occur most efficiently in primate 
cells, yet the genes encoding such gene products cannot be 
directly anypfflfo<f xa primate cells. 

The most common system for gene ainplification employs 
the murine dmydrofolate reductase (dhfr) gene in dhfr 
deficient cell lines. Dihydrofolate reductase reduces folic 
acid to tetrahydrofolic acid, which is involved in the syn- 
thesis of mymidylic acid. Methotrexate binds to dihydro- 
folate reductase, thereby preventing the biosynthesis of 
mymidylic add Dihydrofolate reductase deficient cells, 
therefore, cannot survive in an environment which does not 
•contain mymidylic add, while the presence of methotrexate 
in the culture media requires a concomitant increase in the 
amount of non-bound dihydrofolate reductase for cell sur- 
vival. 

Primate cells, on me other hand, which are most effident 
in the post-translational modification of certain 
polypeptides, also contain a constitutive dhfr gene. The 
presence of the constitutive dhfr gene prevents the direct 
selection of rransformants and amplifications of genes using 
methotrexate* The method of the present invention allows 
for the direct selection of transformants using a separate 
selectable marker, such as the hygromydn resistance- 
conferring gene or the neomycin resistance^onf erring gene. 
Following tins direct selection, the genes may then be 
amplified by progressively increasing the lcvd of methotr- 
exate in the culture -mwffg Many cells which demonstrate an 
increased level of dhfr gene copy number as well as any 
increase in the copy number of the structural polypeptide 
gene. 

The method of gene amplification in primate cells is in no 
way dependent upon any given means for the introduction of 
the DNA into the cells. Those sKUed in the art recognize that 
DNA may be introduced into cells by dectropcration, 
microinjection, transformation or transaction. Furthermore, 
the DNA can either be linear or circular. The gene encoding 
a sdectable marVrr does not need to be an antibiotic 
resistance conferring gene. Skilled artisans understand mat 
any means for direct selection may be utilized in the present 
invention. For example, a gene encoding an antigenic deter- 
minant could be introduced into a cell line, and cells 
containing this determinant could be easily sdected using 
immunological methods which are well known in the art 

The directly selectable marker gene, the dhfr gene and the 
structural polypeptide gene do not need to be introduced into 
the cell on the same piece of DNA. For example, the directly 
sdectable marker may be transfected into the cell on one 
plasmid, while the dhfr and structural polypeptide genes 
may be transfected into the cell on a separate plasmid. This 
occurs when the hygromydn resistance conferring gene is 
transfected into 293 cells via plasmid pLPGhyg, while the 
dhfr and human protein C genes are transfected into the 
same cells via plasmid pLPCdhfr. Alternarivdy, the dhfr and 
human protein C genes can be introduced into plasmid 
pIJKiyg-transfccted 293 cells via plasmid p4-14. The 
neomycin-resistance conferring gene can be used in place of 
the hygromydn resistance-conferring gene, in which case- 
plasmid pSV2neo is introduced into the cell line rather than 
plasmid pLPChd. In addition to co-transf ection with differ- 
ent plasmids, the directly selectable marker gene, the dhfr 
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gene and the structural polypeptide gene can all be intro- 
duced into the host cell on one plasxnid This is exemplified 
by fee transfection of cell line 293 with plasmid pLPChd. 
Furthermore, other types of primate cells, such as the 
monkey kidney MK2 cell line (XTCC CCL7), may be used 
in the method of the present invention. 

The following Examples more fully describe the methods, 
compounds, and recombinant organisms of the present 
invention. Those skilled in the art will recognize that the 
particular reagents, equipment, and procedures described in 
the Examples are merely illustrative and do not limit the 
present invention. 

EXAMPLE 1 

Reparation of BK "Virus DNA 

BK virus is obtained from the American Type Culture 
Collection under the accession number XTCC VR-837. The 
virus is delivered in freeze-dried form and resuspended in 
Hank's balanced salts (Gibco, 3175 StalelF Road, Grand 
Island, N.Y. 14072) to a titer of about 10 5 plague-fanning 
units (pfuymL The host of choice for the preparation of BK 
virus DNA is primary human embryonic kidney (PEEK) 
cells, which can bc'obtained from How Laboratories. Inc., 
7655 Old Springhouse Road, McLean, Va. 22101, under 
catalogue number 0-100 or from MA Bioproducts under 
catalogue number 70-15L 

About five 75 mm 3 polystyrene flasks comprising con- 
fluent monolayers of about 10 6 PEEK, cells are used to 
prepare the virus. About 1 ml of BK virus at a titer of 10 5 
pfu/ml is added to each flask, which is then incubated at 37° 
C for one hour, and then, fresh culture medium (Dulbecco's 
Modified Eagle's Medium, Gibco, supplemented with 10% 
fetal bovine serum) is added, and the infected cells are 
incubated at 37° C for 10-14 days or until the full cyto- 
pathogenic effect of the virus is noted. This cytcpathogerric 
effect varies from cell line to cell line andfrom virus to virus 
but usually consists of cells rounding up, clumping, and 
sloughing off the culture disk, 

The Yirus is released from the cells by three frcezc-thaw 
cycles, and the cellular debris is removed by centrifugation 
at SGOOxg. The virus in 1 liter of supernatant fluid is 
precipitated and collected by the addition of 100 g of 
PEG-6000, incubation of the solution for 24 hours at 4* C, 
and centrifugation at 5000xg for 20 minutes. The pellet is 
dissolved in 0.1x SSC buffer <lxSSO0.15M Nad and 
Q.015M NaOtrate, pH=7) at l/100th of the original volume. 
The virus suspension is layered onto a 15 ml solution of 
saturated KBr in a tube, which is centrifuged at 75,000xg for 
3 hours. Two bands are evident in the KBr solution after 
centrifugation. The lower band, which contains the complete 
virion, is collected and desalted on a Sephadex® G-50 
column (Sigma Chemical Co., P.O. Box 14508, St Louis, 
Mo. 63178) using TE (10 mM Tris-HCl t pH=7.8, and 1 mM 
EDTA) as an dution buffer. 

Sodium dodecyl sulfate (SDS) is added to the solution of 
purified virions obtained from the column to a concentration 
of 1%; pronase is added to a concentration of 100 ugfrnl, and 
the solution is incubated at 37° C. for 2 hours. Cesium 
chloride is then added to the solution to a density of 1.56 
gtal, and ethidium bromide is added to the s olution to a final 
concentration of 100 yt&nL The solution is centrifuged in a 
Sorvall (DuPont Inst. Products, Biomedical Division, 
Newton, Conn. 06470) 865 rotor or similar vertical rotor at 
260 T 000xg for' 24 hours. After centrifugation, the band of 
virus DNA is isolated and extracted five times with isoamyl 
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alcohol saturated with 100 mM Tris-HO, pH=7.8. The 
solution of BK vims DNAis men dialyzed against TE buffer 
until the 260 nm/280 nm absorbancc ratio of the DNA is 
between 1.75 and 1,90. The DNA is precipitated by actjust- 
ing the NaCl concentration to 0.15M, adding two volumes of 
efeanoi, incubating the solution at -70° C for at least 2 
hours, and ccntrifuging the solution at 12,000xg fear 10 . 
minutes . The resulting pellet of BK virus DNAis suspended • 
in TE buffer at a concentration of 1 mgftnl. 

EXAMPLE 2 
Construction of Plasznids pBKEl and pBKE2 

About one ug of the BK virus DNA prepared in Example 
1 in one ul of TE buffer was dissolved in 2 ul of lOx I EcoRI 
buffer (1.GM Tris-HO, pH=7J; 0~5MNaO; 50 mM MgCl 2 ; 
and 1 mg/mlBSA) and 15 ulof H20.About2 ul (-10 ionics; 
all enzyme units referred to herein, unless otherwise 
indicated, refer to the unit definitions of New England 
Biolabs, 32 Tozer Road, Beverly, Mass. 01915-!?990, 
although the actual source of the enzymes may have been 
different) of restriction enzyme EcoRI were added to the 
solution of DNA, and me resulting reaction was incubated at 
37° C for two hours. 

About 1 ug of plasmid pUC8 (available from Pharmacia 
P-L Biochemicals, 800 Cealrninri Avc^ Kscataway, NJ. 
08854) in 1 ul of TE buffer was digested with EcoRI in 
substantial accordance with the procedure used to pr epare 
the EcoRI-digested BK virus DNA The EcoRI-d^cstcd 
plasmid pUCB DNA was diluted to 100 ul in IE b uffer; 
-0.06 units of calf-intestinal alkaline phosphatase were 
added to the solution, and the resulting reaction was incu- 
bated at 37° C for 30 minutes. The solution was adjusted to 
contain lx SET (5 mM Tris-Hd p=7.8; 5 mM EDTA; and 
150 mM Nad), 0.3M NaOAc, and 05% SDS and then 
incubated at 65° C for 45 minutes. The phosphatase treat- 
ment prevents the pUC8 DNA from self Hgating. 

The EcoRI-digested BK virus and plasmid pUC8 DNA 
were extracted first wife buffered phenol and then with 
chloroform. The DNA was collected by adjusting the Nad 
concentration of each DNA solution to 0.25M, adding two 
volumes of cthanol, incubating the resulting mixtures in a 
dry ice-cthanol bath for 5 minutes, and ccntrifuging to pellet 
the DNA. The supernatants were discarded, and fee DNA 
pellets were rinsed with 70% cthanol, dried, and resus- 
pended in 10 ul and 30 ul of TE buffer for fee-BK and 
plasmid pUC8 samples, respectively. 

About 3 ul of H 2 0 and 1 ul of lOx ligase buffer (05M 
Tris-Hd pH=7.8; 100 mM MgCV, 200 mM DOT; 10 mM 
ATP; and 0.5 mgftnlBSA) were added to a mixture of 2 ul 
of the EcoRI-digested BK virus and 1 ul of the IfcoRI- 
digested plasmid pUC8 DNA One ul (-1000 units) of T4 
DNA ligase were added to the solution of DNA, and the 
resulting reaction was incubated at 16" C overnight. The 
ligated DNA constituted the desired plasmids pBKEl and 
pBKEZ, Which differ only with respect to fee orientation of 
the inserted BK virus DNA A restriction site and function 
map of plasmid pBKEl is presented in FIG. 2 of the 
accompanying drawings. 

A50 ml culture of E coH K12 JM103, available from 
Pharmacia P-L Biochexnicals, in L-broth was grown to an 
optical density at 650 nanometers (0,D.*so) °f 41*°^- 
mately 0.4 absorbance "units. The culture was chilled on ice 
for ten ^ mitea, and the cells were collected by centcifuga- 
tion. The cell pellet was resuspended in 25 ml of cold 100 
mM MgQ 2 and incubated on ice for 25 minutes. Th e cells 
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were once again pelleted by centrjfugation, and the pellet 
was lesuspended in ZS mi of cold 100 mM CaC^ and 
incubated for 30 minutes on ice. After the incubation, the 
cells are competent for the uptake of transforming DKV 

Two bundled ul of this cell suspension were mixed ^tdth 
the ligated DNA prepared above and incubated on ice far 30 
minutes. At the end of mis period, the cells were placed in 
a water bath at 42° C for 2 minutes and then returned to the 
ice for an additional 10 minutes. The cells were collected by 
cenoifugation and resuspended in one ml of L broth and 
incubated at 37° C f or 1 hour. 

Aliquots of the cell mixture were plated on L-agar (L 
broth with 15 grams of agar per liter) plates containing 100 
pg aiBpidBn/m^ 40 ug X-gal/mi and 40 ug IPTG/ml The 
plates were incubated at 37° C overnight. Colonies mat 
contain a plasmid without an insert, such as £ eoU K12 
JM103/pUC8. appear bine on these plates* Colonies that 
contain a plasmid with an insert, such as £ coU £12 
JM103/pBKEl, are white* Several white colonies were 
selected and screened by restriction enzyme analysis of itheir 
plasmid DNA for the presence of the -5.2 ib EcoRI restric- 
tion fragment of BK virus. Plasmid DNA was obtaine&irom 
the £ coU X12 JM103£BKE1 and £ ceU K12 JM103/ 
pBKE2 cells in substantial accordance with the procedure 
for isolating plasmid DNA that is described in the following 
Example, although the procedure is done on a smaller scale, 
and the CsQ gradient steps are omitted, when the pteanid 
DNA is isolated only for restriction enzyme analysis. 

EXAMPLE 3 

Construction of Hasmids pBKneol and pBKneo2 

£ coli K12 HB 1 Ql/pdBPV-MMTneo cells are obtained in 
lyophil form from the American type Culture Collection 
under the accession number ATCC 37224. The lyopm'Hzed 
ceils axe plated oa L-agar plates containing 100 f gftnl 
ampidDin and incubated at 37° C to obtain single colony 
isolates. 

One liter of 1 broth (10 g tryptone, 10 g Nad, and 5 g 
yeast extract per liter) containing 50 ugftnl amrrfdllm was 
inoculated with a colony of £ coli K12 HBlQl/pdBFV- 
MMTneo and incubated in an air-shaker at 37° C until the 
O JX 390 was -1 absorbance unit, at which time 150 rag of 
chloramphenicol were added to the culture. The incubation 
was continued for about 16 hours; the cMoramphcnicol 
addition inhibits protein synthesis, and thus inhibits finther 
cell division, but allows plasmid replication to continue. 

The culture was centdfuged in a Sorvall GSA rotor 
(DuPont Co,, Instrument Products, Biomedical Division, 
Newtown, Conn. 06470) at6^rrmfor5ininutes at 4° C 
The resulting supernatant was discarded, and the cell pellet 
was washed in 40 ml of TES buffer (10 mM THs-HCl, 
pH-7 J; 10 mM Nad; and 1 mM EDTA) and then lepel- 
leted. The supernatant was discarded, and the cell pellet was 
frozen in a dry fce-ethanol bath and then thawed. The thawed 
cell pellet was resuspended in 10 ml of a solution of 25% 
sucrose and 50 mM EDXA. About 1 ml of a 5 mg/ml 
lysozyme solution; 3 ml of 0.25M EDTA, pHMJ.O; and 100 
ji of 10 mg/ml RNAse A were added to the solution, which 
was then incubated on ice for 15 minutes. Three ml of lysing 
solution (prepared by mixing 3 ml 10% Triton-X 100; 75 ml 
0.25M EDTA, pH=8.0; 15 ml of 1M Tris-HO, pH=M; and 
7 ml of water) were added to the lysozyme-treated cells, 
mixed, and the resulting solution incubated on ice for 
another 15 rrinutes. The lysed ceils were frozen in a dry 
ice-ethanol bath and then thawed. 

The cellular debris was removed from the solution by 
ceatrifugation at 25,000 rpm for 40 minutes in an SW27 
rotor (Beckrnan, 7360 N. Lincoln Ave., Iincolnwood, EL 
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60646) and by extraction with buffered phenol. About 30.44 
g of CsQ and -1 ml of a 5 mg/ral etoidium bromide solution 
were added to the cell extract, and then, the volume of the 
solution was adjusted to 40 ml with TES buffer, the solution 
was decanted into a VH50 ultra-centrifuge tube (Beckman), 
which was then sealed and centrifaged in a VT150 rotor at 
42,000 rpm for -16 hours. The resulting plasmid band, 
visualized with ultraviolet light, was isolated and then 
placed in aH75 tube and rotor (Beckman) and centrifaged 
at 50,000 rpm for 16 hours. Any necessary volume adjust- 
ments were made using TES containing 0.761 gftnl CsCl 
The plasmid band was again isolated, extracted with salt- 
saturated isopropanol to remove the emidium bromide, aid 
diluted 13 with TES buffer. Two volumes of ethanol were 
then added to the solution, which was then incubated over- 
night at -20° C. The plasmid DNA was pelleted by centzi- 
fuging the solution in an SS34 rotor (Scrvall) for 15 minutes 
at 10,000 rpm. 

The ul mg of plasmid pdBPV-MMTneo DNA obtained by 
this procedure was suspended in 1 ml of TE buffer and store «i 
at *20° C The foregoing plasmid isolation procedure is 
generally used when large amounts of very pure plasmid 
DKA are desired. The procedure can be modified to rapidly 
obtain a smaller, less pure amount of DNA, such as is needed 
when screening transformants for the presence of a given 
plasmid, by using only about 5 ml of cultured cells, lysing 
the cells in an appropriately scaled-down amount of lysis 
buffer, and replacing the centrifugation steps with phenol 
and chloroform extractions. 

About 5 ug (5 ul) of the plasmid pdBPV-MMTneo DNA 
prepared above and Ave ug (5 ul) of the BK virus DNA 
prepared in Example 1 were each digested at 37° C for 2 
hours in a solution containing 2 ul of lOx BamHI buffer 
(LSMNaO; 60 mMTns-HO,pH=7.9; 60 mM MgCl 2 ; and 
1 mg/ml BSA), 1 ul of restriction enzyme BamHI, and 7 ul 
of ILA The reaction was stopped by an extraction with an 
equal volume of phenol, followed by two extractions with 
chloroform. Each BamHI-digested DNA was then 
precipitated, collected by centrifugation, and resuspended in 
5 ulofHjO. 

About 1 ul of lOx ligase buffer was added to a mixture of 
BamHX-digested plasmid pdBPV-MMTneo (1 ul) and 
BamHt-digested BK virus DNA (1 ul). After 1 ul (-1000 
units) of T4 DNA ligase and 6 ul of H 2 0 were added to me 
mixture of DNA, the resulting reaction was incubated at li5° 
C overnight The ligated DNA constituted the desired 
plasmids pBKneoI and pBKneo2, which differ only with 
respect to the orientation of the BK virus DNA. A restriction 
site and function map of plasmid pBKhcol is presented in 
FIG. 3 of the accompanying drawings. 

& cali K12 HB101 cells are available in lyophilized form 
from the Northern Regional Research Laboratory under the 
accession number NRRL B-15626. E. coU K12 HB101 ceils 
were cultured, made competent for transformation, and 
transformed with the ligated DNA prepared above in sub- 
stantial accordance with the procedure of Example 2. Hie 
transformed cells were plated on L-agar plates containing 
100 ugfrnl ampicOlin. £ coli K12 HBlOl/pBKneol and E. 
coU K12/pBKneo2 transformants were identified by their 
ampicillin-resistant phenotype and by restriction enzyiae 
analysis of their plasmid DNA. 

EXAMPLE 4 
Construction of Plasmid pBLcat 
A. Construction of Intermediate Plasmid pLPcat 
The virion DNA of adenovirus 2 (Ad2) is a double- 
stranded linear molecule about 35.94 kb in size. The Ad2 
late promoter can be isolated on an -0316 kb Acd-PvtiC 
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restriction fragment of the Ad2 genome; this -032 J -b 
restriction fragment corresponds to the sequence between 
nucleotide positions 5755 and 6071 of the Ad2 genome, lb 
isolate the desired -032 kb AccI-PyuII restriction fragment, 
Ad2 DNA is first digested with restriction enzyme Ball, aid 
the -2.4 kb Ball restriction fragment that comprises the 
entire sequence of the -032 kb AccI-PvuH restriction fra^ 
ment is isolated. Then, the -Z4 kb Bali restriction fragment 
is digested with AccI and PvuII to obtain the desired 
fragment. 

About 50 ug of Ad2 DNA (available from BRL) aire 
dissolved in SO ul of H 2 0 and 10 ul of lOx Ball buffer (100 
mM Tris-HCL pH=7.6; HOmMMgOa; 100 mM DOT; and 

1 mg/ml BSA). About 10 ul (-20 units) of restriction 
enzyme Bali are added to the solution of Ad2 DNA, and the 
resulting reaction is incubated at 37° C for 4 hours. 

The Ball-digested DNA is loaded onto an agarose gel and 
electrophoresed until the restriction fragments are well sepa- 
rated. Visualization of the electrophoresed DNA is accom- 
plished by staining the gel in a dilute solution (0.5 ugfrnl) of 
ethidium bromide and exposing the stained gel to long-wave 
ultraviolet (UV) light One method to isolate DNA from 
agarose is as follows. A small slit is made in the gel in front 
of the desired fragment, and a small piece of NA-45 DEA5 
membrane (Schleicher and SchuelL, Kecne, NH 03431) is 
placed in. each slit Upon further electrophoresis, the DNA 
non-covalentiy binds to the DEAE membrane. After the 
desired fragment is bound to the DEAE membrane, the 
membrane is removed and rinsed with low-salt buffer (100 
mM KC1; 0.1 mM EDTA; and 20 mM Tris-HO, pH-8). 
Next, the membrane is placed in a small tube and immersed 
in high-salt buffer (1M Nad; 0.1 mM EDTA; and 20 mM 
Tris-HO, pH=8) and men incubated at 65° C for one hour 
to remove the DNA from the DEAE paper. After the 65° C 
incubation, the incubation buffer is collected and the 
brane rinsed with high-salt buffer. The high-salt rinse solu- 
tion is pooled with the high-salt incubation buffer. 

The volume of the high sali-DNA solution is adjusted so 
that the Nad concentration is 0.25M, and then three vol- 
umes of cold, absolute ethanol are added to the solution. Th e 
resulting solution is mixed and placed at -70° C for 10-20. 
minutes. The solution is then ccntrifuged at 15,000 rpm for 
15 minutes. After another precipitation to remove residual 
salt, the DNA pellet is rinsed with ethanol, dried, resus- 
pended in 20 ul of TE butler* and constitutes about 3 ug of 
the desired restriction fragment of Ad2. The purified frag- 
ment obtained is dissolved in 10 ul of TE buffer. 

About 6 ul of H 2 0 and 2 ul of 10x AccI buffer (60 mM 
Nad; 60 mM Tris-HO, pH==73; 60 mM MgQ ? ; 60 mM 
DTT; and 1 mg/ml BSA) are added to the solution of the 
-2.4 kb Ball restriction fragment of Ad2. After the additxoji 
of about 2 ul (-10 units) of restriction enzyme AccI to tin: 
solution of DNA, the reaction is incubated at 37* C. for 2 
hours. After the AccI digestion, the DNA is collected-* by 
ethanol precipitation and resuspended in 16 ul of H 2 0 and 

2 ul of 10x PvuII buffer (600 mM Nad; 60 mM Trxs-HQ, 
pH=7.5; 60 mM MgO^; 60 mM DTT; and 1 mg/ml BSA). 
After the addition of about 2 ul (about 10 units) of restriction 
enzyme PvuH to the solution of DNA, the reaction is 
incubated at 37° C for 2 hours. 

The AccI-PvuH-digested, -2.4 kb Bali restriction frag- 
ment of Ad2 is loaded onto an -6% poiyacrylamide gel and 
electrophoresed until the -032 kb AccI-PvuH restriction 
fragment that comprises the Ad2 late promoter is separated 
from the other digestion products. The gel is stained with 
ethidium bromide and viewed using UV light, and the 
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segment of gel containing the -032 ib AccI-PvuII restric- 
tion fragment is cat from the gel, crushed, and soaked 
overnight at room temperature in -250 pi of extraction 
buffer (500 nM NH 4 0Ac; 10 mM MgOAc; 1 mM EDTA; 
and 0.1% SDS). The following morning, the mixture is 
centrifoged, and the pellet is discarded. The DNA in the 
supernatant is precipitated with ethanol; about 2 pg oftRNA 
are added to ensure complete precipitation of the desired 
fragment About 0.2 pg of the -032 kb AccI-PvuII restric- 
tion fragment are obtained and suspended in 7 pi of HjO. 

About 0.25 pg (in 0.5 pi) of Bell linkers (^-CTGATCAG- 
3\ available from New England Biolabs), which had been 
kinased in substantial accordance with the procedure 
described in Example 1GA, below, was added to the solution 
of the -032 Idb AccT-Pvim restriction fragment, and men, 1 
pi (-1000 units) of T4 DNAligase and 1 ul of lOx Egasc 
buffer were added to the solution of DNA, and the resulting t 
reaction was incubated at 16° C overnight. The BcH linkers * 
could only Hgate to me PvuH end of the AccI-PvuH restric- 
tion fragment DNA sequencing later revealed that four Bell 
linkers attached to the PvuH end of the AccI-PvuII restric- 
tion fragment These extra Bell linkers can be removed by 
Bell digestion andreligation; however, the extra Bell linkers 
were not removed as the linkers do not interfere with the 
proper functioning of the vectors that comprise the extra 
linkers, 

R caU K12 HB101/pSV2cat cells are obtained in lyo- 
pmlized form from the XTCC under the accession number 
XTCC 37155, and plasmid pS V2cat DNA was isolated from 
the cells in substantial accordance with the procedure of 
Example 3. A restriction site and function map of plasmid 
pSV2cat is presented in FIG. 4 of the accompanying draw- 
ings. About i nig of plasmid pSV2cat DNA is obtained and 
dissolved in 1 ml of TE buffer. About 3 pg (3 pi) of the 
plas m id pSV2cat DNA were added to 2 pi of IOxAccI buffer 
and 16 ul of H 3 0, and then, 3 pi (about 9 units) of restriction 
enzyme AccI were added to the solution of pSV2cat DNA, 
and the resulting reaction was incubated at 37° C for 2 
hours. The Accl-dxgested plasmid pSV2cat DNA was then 
digested with restriction enzyme Still by adding 3 pi of lOx 
StuI buffer (1.0M Nad; 100 mM Tris-HO, pH=8.0; 100 
mM MgCV, 60 mM DTT; and 1 mgfad BSA), 5 pi of H 2 0; 
and about 2 pi (about 10 units) of restriction enzyme StuL 
The resulting reaction was incubated at 37° C for 2 hours. 
The reaction was terminated by extracting the reaction 
mixture once with phenol, then twice with chloroform. 
Abont 0.5 pg of the desired fragment was obtained and 
dissolved in 20 pi of IB buffer. 

About 4 pi of the AccI-StuI-digcsted plasmid pSV2cat 
DNA were mixed with about 7 pi of the -032 kb AccI-PvuIT 
(with BcE linkers attached) restriction fragment of Ad2, and 
after the addition of 3 pi of lOx ligase buffer, 15 pi of H 3 0, 
and 2 pi (about 1000 units) of T4 DNA iigase, the ligation 
reaction was incubated at 16° C overnight The ligatcd DNA 
constituted the desired plasmid pLPcat, a plasmid that 
comprises the Ad2 late promoter positioned so as to drive 
transcription, and thus expression, of the chloramphenicol 
acetyltransferase gene. Arestriction site and function map of 
plasmid pLPcat is presented in FIG. 5 of the accompanying 
drawings. 

The ligated DNA was used to transform £ coll K12 
HB101 cells in substantial accordance with the procedure of 
Example 3. The transformed cells were plated on L agar 
containing 50 pg/ml ampidUin; restriction enzyme analysis 
of plasmid DNA was used to identify the & coli K12 
HBlOLfcLPcat transformants. Plasmid pLPcat DNA was 
isolated from the transformants for use in subsequent con- 
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sanctions in substantial accordance with the plasmid .Isola- 
tion procedure described in Example 3. 
B. Final Construction of Plasmid pBLcat 

About 38 ug of plasmid pBKneol DNA in 50 pi of T2 
buffer were added to 7.5 ui of lOx Acd buffer, 30 ul of H^O, 
and 15 ul (about 75 units) of restriction enzyme Accl t and 
the resulting reaction was incubated at 37° C for 2 hours. 
The Accl-digested BK virus DNA was loaded on an agarose 
gel, and the -1.4 Jdb fragment that contains the BK enbiuxcer 
was separated from the other digestion products. The -1.4 
Jdb AccI restriction fragment was then isolated in substzutial 
accordance with the procedure described in Example: 4A. 
About 5 ug of the fragment were resuspended in 5 ul of lOx 
PvuE buffer, 45 pi of 1^0, and 5 pi (about 25 units) of 
restriction enzyme PvuH, and the resulting reaction was 
incubated at 37* C for 2 hours. The PvuH-digested DNA 
was then isolated and prepared for ligation in substantial 
accordance with the procedure of Example 4A. About 2 ug 
of the desired -1.28 leb AcqcI-PvuH fragment were obtained 
and dissolved in 5 ul of TE buffer. 

About 1 ug of plasmid pLPcat DNA was dissolved in 5 ul 
of lOx AccI buffer and 40 ul of H 2 0. About 5 pi (-25 units) 
of restriction enzyme AccI were added to the solution of 
plasmid pLPcat DNA, and the resulting reaction was incu- 
bated at 37° C The Accl-digested plasmid pLPcat DNA was 
precipitated with ethanol and resuspended in 5 ul of lOx StuI 
buffer, 40 ul of VLJO, and 5 ul (about 25 units) of rcsttfcaion 
enzyme StuI, and the resulting reaction was incubated al; 37° 
C f or 2 hours. The Accl^ml-4igcsted plasmid pLPcat DNA 
was precipitated with ethanol several times to purify the 
-4.81 Jcb AccI-StuI restriction fragment that comprises; the 
K, coli origin of replication and Ad2 late promoter away 
from the other digestion product, a restriction fragment 
about 16 bp in size. About 1 pg of the desired -4.81 ib 
restriction fragment was obtained and dissolved in 20 jJtl of 
TE buffer. 

The 5 ul of -4.81 fcb AccI-StuI restriction fragment of 
plasmid pLPcat were added to 5 ul of -L28 kb Accl-F aiEC 
restriction fragment of BK virus. After the addition of 3 ul 
of lOx ligase buffer, 15 ul of B^O, and 2 ul (about 1000 
units) of T4 DNAligase to the mixture of DNA* the resulting 
ligation reaction was incubated at 16° C overnight. The 
ligated DNA constituted the desired plasmid pBLcat. A 
restriction site and function map of plasmid pBLcat is 
presented in KEG. 6 of the accompanying drawings. 

The ligated DNA was used to transform & coli IQ2 
HB101 cells in substantial accordance with the procedure 
described in Example 3. & coli K12 HBlOl/pBLcat trans- 
formants were identified by restriction enzyme analysis of 
their plasmid DNA. Plasmid pBLcat DNA was prepared for 
use in subsequent constructions in substantial accordance 
with the procedure of Example 3. 

EXAMPLES 

Construction of Plasmid pSBLcat 

About 100 ug of plasmid pBLcat DNA were dissolved! in 
10 ul of 10x Hindm buffer (0.5M Nad; 0.1M Tris-Hd, 
pH=8.0; 0.1M MgGla; and 1 mg/ml BSA) and 80 ui of H-p. 
About 10 ul (about 100 units) of restriction enzyme Hindis 
were added to the solution of plasmid pBLcat DNA, and lire 
resulting reaction was incubated at 37° C. for 2 hours. Tnc 
Hindm-digested plasmid pBLcat DNA was loaded onto an 
agarose gel and electrophcresed until the -0,87 kb Hindm 
restriction fragment that comprises the BK enhancer and 
Ad2 late promoter was well separated from the other diges- 
tion products; then, the -0.87 kb fragment was isolated and 
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prepared for ligation in substantial accordance with the 
procedure of Example 4A. About 10 ug of the desired 
fragment were obtained and dissolved in 50 ul of TE buffer. 

About 1 ug ofplasmidpSV2cat DNAin 1 ul of TE buffer 
was dissolved in 2 pi of lOx HindXH buffer and 16 pi cf H^O. 
About 1 pi (about 10 units) of restriction enzyme HindTTT 
was added to the solution of DNA, and the resulting reaction 
was incubated at 37° C for 2 hours. The reaction was 
stopped by extracting the reaction mixture first with phenol, 
then twice with chloroform. The HinaHI-digested plasxnid 
pSV2cat DNA was precipitated with emanol and rcsus- 
pended in 100 ul of TB buffer. The HindEI-digestcd plasmid 
pSV2cat DNA was treated with calf-intestinal alkaline phos- 
phatase in substantial accordance with the procedure of 
Example 2 and then resuspended in 10 ul of TE buffer. 

' About 5 ul of the -0.87 kb HindM restriction fragment of 
plasmid pBLcat were added to the 10 ul of HinrfTTT-digested 
plasmid pSV2cat > ind then, 3 ul of lOx Iigase buffer, 2 pi 
(about 1000 units) of T4 DNAligase, and 13 ul of H^O were 
added to the solution of DNA, and theresultingxeactioa was 
incubated at 16° C for 2 hcurs.The Hgatcd DNA constituted, 
the desired plasmid pSBLcat The Hgatcd DNA was used to 
transform £. eeli K12 HB101 in substantial accordance with 
the procedure of Example 3. The transformed cells were; 
plated on L agar containing ampiciflin, and the plasmid 
DNA of the ampidllin-re3istant txansformants was exam- 
ined by restriction enzyme analysis to identify the E. eeli 
K12 HBlOl/pSBLcat transformants. The -0.S7 kb HindUI 
restriction fragment that encodes the BK enhancer and Ad2 
late promoter could insert into HindHI-digested plasmid 
pSBLcat in one of two orientations, only one of which yields 
plasmid pSBLcat. A restriction sate and function map of 
plasmid pSBLcat is presented in HG. S of the accompanying 
drawings. 

EXAMPLE 6 

Construction of Plasmid pL133 
A. Construction of Intermediate Plasmid pSY2-HPC8 
Plasmid pHC7 comprises a DNA sequence that encodss 
human protein C. One litcr-of l^broth containing 15 ugfcnl 
tetracycline was inoculated with a culture of E. coll K12 
R3U/pHC7 (NRRLB-15926), and plasmid pHC7 DNA was 
isolated and purified in substantial accordance with the 
procedure of Example 3. About 1 mg of plasmidpHC7 DNA , 
was obtained by this procedure, suspended in 1 ml of ICS 
buffer, and stored at -20° C A restriction site and function, 
map of plasmid pHC7 is presented in HG. 9 of the accom- 
panying drawings. - . 

Fifty ul of the plasmid pHC7 DNA were mixed with 5 ul 
(-50 units) of restriction enzyme BanI, 10 ul of lOx BmlI 
reaction buffer (IJM NaCU 60 mM Tris-HO, pH=7.9; 60 
mM MgQ 2 ; and 1 mg/ml BSA), and 35 ul of HaO and 
incubated until the digestion was complete. The Ba ill- 
digested plasmid pHC7 DNA was then electrophoresed o n a 
3Sk polyacrylamide gel (29:1, acrylamiae:bisacrylanuVleX 
until the -L25 kb BanI restriction fragment was separated 
from the other digestion products. 

The region of the gel containing the -1.25 kb BanI 
restriction fragment was cut from the gel, placed in a test 
tube, and broken into fragments. One ml of extraction 
buffer (500 mM NH 4 0Ac, 10 mM MgOAc, 1 mM EDTA. 
1% SDS, and 10 m#ml tRNA) was added to the tabe 
containing the fragments, and the tube was placed at 37° C 
overnight. Centrifugation was used to pellet the debris, and 
the supernatant was-transf erred to a new tube. The debris 
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pellet was dissolved in 10 ul of IOx HfadTTT reaction toffer, 
5 ui (-50 units) of restriction enzyme HindTTT, and 83 ul of 
&A and the reaction was placed at 37° C for two hours. 
After the Hindm digestion, the reaction mixture was loaded 
onto a poiyaaylamidc gel, and the desired -L23 kb 
Hina^-Apal restriction fragment was isolated in substantial 
accordance with the procedure described in Example 4A. 
Approximately 5 ug of the desired fragment were obtained, 
suspended in 10 jli of TE buffer, and stored at -20° C. 

Fifty ul of plasmidpHC7 DNA were mixed with 5 ul (-50 
units) of restriction enzyme PstI, 10 ul of IOx PstI reaction 
buffer (1.0M Nad; 100 mM Tris-HO, pH=7 .5; 100 mM 
MgQ 2 ; and 1 mgM BSA), and 35 ui of BtjO and incubated 
at 37° C for two hours. The Pstl-digested plasmid pHC7 
DNA was then clcctrophcresed on a 3.5% polyacrylamide 
gel, and the desired -0.88 kb fragment was porifl :cd In 
substantial accordance with the procedure descried z ibovc. 
Approximately 5 ug of me desired fragment were obtained, 
suspended in 10 jilof TE buffer, and stated at -20° C 

The -5 ug of -0.88 kb PstI fragment were added to and 
mixed with -50 ul of the following linker, which was 
constructed on an automated DNA synthesizer: 
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About 1 ul of T4 DNA ligase (-10 units), 10 ul IOx Iigase 
buffer, and 29 ul H^O were added to the mixture of DNA, 
and the. resulting ligation reaction was incubated at 4° C 
overnight 

The ligation reaction was stopped by a 10 minute incu- 
bation at 65° C After precipitation of the ligated DN,\. the 
DNA pellet was dissolved in 10 ul of IOx Apal reaction 
buffer, 5 ul (-50 units) of restriction enzyme ApaL and, 85 ul 
of H^O, and the reaction was placed at 37° for two hours. 
The reaction was then stopped and the DNA pelleted; once 
again. Hie DNA pellet was dissolved in 10 ul IOx Bgffl 
reaction buffer (1M Nad; 100 mM Tris-Hd pH=7.4; 100 
mM MgOa; 100 mM 2-mercaptoethanol; and 1 rog/ml 
BSA), 5 ul (-50 units) of restriction enzyme Bgffl. and 85 
ul HsO, and the reaction was placed at 37° C. for two hours. 
After the Bgfll digestion, the reaction mixture was loaded 
onto a 3*5% polyacrylamide gel, and the desired -0.19 kb 
Apal-BglH restriction fragment was isolated in substantial 
accordance with the procedure described above. Approxi- 
mately 1 ug of the desired fragment was obtained, suspended 
in 10 ul of TE buffer, and stored at -20° C 

Ar^roxirnately 10 ug of plasmid pSV2gpt DNA VWCC 
37145) were dissolved in 10 ul of IOx HindTTT reaction 
buffer, 5 ul (-50 units) of restriction enzyme HinoTTT. and 85 
ul of H 3 0, and the reaction was placed at 37° C. for 2 1 louts. 
The reaction mixture was then made 0.25M in NaOAc, and 
after the addition of two volumes of ethanoi and incubation 
in a dry ice-ethanol bath, the DNA was pelleted by centrifu- 
gation. The DNA pellet was dissolved in 10 ul of lOx BglH 
buffer, 5 ul (-50 units) of restriction enzyme BgQOC aiad 85 
ul of H 2 0, and the reaction was placed at 37* C for two 
hours. After the BgHI digestion, the reaction mixture was 
loaded onto a 1% agarose gel, and the fragments were 
separated by electrophoresis. The gel was stained with 
ethidium bromide and viewed under ultraviolet light, and the 
band containing the desired -5.1 kb HinriTTT-Bglg frajpnent 
was cat from the gel and placed in dialysis tubing, and 
electrophoresis was continued until the DNA was out of the 
agarose. The buffer containing the DNA from the diiiysis 
tubing was extracted with phenol and CHG 3 . and then, the 
DNA was precipitated. The pellet was resuspended in 10 ul 
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of TB buffer and constituted -5 ug of the desired -5.1 kb 
Hindm-BglH restriction fragment of plasmid pSV2gpt 

Two pi of the -1.23 kfa HindBI-Apal iestriction fragment, 
3 ill of the -0.19 kb Apal-BgHE fragment, and2 pi of the 
-5.1 kb HindBI-BgUI fragment were mixed together and, 
then incubated with 10 pi of lOx ligase buffer, 1 pi of T4 
DNA Hgase (-500 units), and 82 pi of E^O at 16° C 
overnight The ligated DNA constituted the desired plasmn); 
pSV2-HPC8; a restriction site and function map of the 
plasmid is presented in FIG. 9 of the accompanying draw- 
ings. 

£ coli K12 RR1 (NKRL B-15210) ceils were made 
competent for transformation in substantial accordance with 
the procedure described in Example 2. The ligated DNA 
prepared above was used to transform the cells, and aliquot! 
of the transformation mix were plated on L-agar plate:: 
containing 100 ug/mi ampinllin. The plates were then 
incubated at 37° C & coli K12 RRl/pSV2-HPC8 transfer- 
mants were verified by restriction enzyme analysis of their 
plasmid DNA. 

B. Final Construction of Plasmid pL133 

Fifty pg of plasmid pSV2-HPC8 were dissolved in 10 pi 
of lOx HincHrrcaction buffer, 5 ul (-50 units) of restriction 
enzyme HindEL and 85 pi of HaO, and the reaction was 
incubated at 37" C for two hours. After the HindHI 
digestion, the DNA was precipjfrated, and the DNA pellet 
was dissolved in 10 pi lOx SaHreaction buffer (L5M NaQ; 
0*0 mM Tris-HCl/pEM7.9; 60 mM MgC^; 60 mM 
2-mercaptoemanol; and 1 mg/ml BSA), 5 pi (-50 units) of 
restriction enzyme Sail, and 85 pi of HjO. TheresuMng Sail 
reaction mixture was incubated for 2 hours at 37° C The 
Hindm-Sall-digestcd plasmid pSV2-HPC8 was loaded onto 
a 3.5% poryacrylamide gel and electrophcresed unta the 
desired -0.29 kb HindSI-Sall restriction fragment was sepai- 
rated from the other reaction products. The desired fragment 
was isolated from the gel; about 2 pg of the fragment were 
obtained and suspended in 10 ul of TE buffer. 

Fifty pg of plasmid pSV2-HPC8 were dissolved in 10 pi 
of lOx Bgin reaction buffer, 5 pi (50 units) of restriction 
enzyme BglH, and 85 ul of H 2 0, and the reaction wais 
incubated at 37° C. for two hours. After the BgLTl digestion, 
the DNA was precipitated, and the DNA pellet was dissolved 
in 10 ul of 10x Sail reaction buffer, 5 pi (-50 units) of 
restriction enzyme Sail and 85 pi of H 2 0. The resulting Sail 
reaction mixture was incubated for 2 hours at 37° C The 
SaH-BgiH-digested plasmid pSV2-HFC8 was loaded onto a 
3.5% polyacrylamide gel and dectrophcresed until the 
desired -1.15 kb Sall-BglE restriction fragment was sepa- 
rated from the other reaction products. The -1.15 kb Sail- 
BgDtt restriction fragment was isolated from the gel; about 8 
pg of fragment were obtained and suspended in 10 pi of TE 
buffer. 

Approximately 10 pg of plasmid pSV2-£-giobin DNA 
(3SRRL B-15928) were dissolved in 10 pi of lOx Hindin 
reaction buffer, 5 pi (-50 units) of restriction enzyme 
HindEL and 85 pi of H 2 0. and the reaction was placed at 37° 
C for 2 hours. The reaction mixture was then made 0.25M 
in NaO Ac and after the addition of two volumes of cthan ol 
and incubation in a dry ice-emanol bath, the DNA was 
pelleted by centrifugation. The HindTH-digested plasmid 
pSV2-£-globin was dissolved in 10 ul of lOx BglH buffo, 
5 pi (-50 units) of restriction enzyme BglH, and 85 pi of 
HaO. and the reaction was placed at 37° C for two hoars. 
After the BgDI digestion, the reaction raixturc was loaded 
onto a 1% agarose gel. and the fragments were separated lay 
electrophoresis. The desired -4.2 kb Hiadm-Bgin restric- 
tion fragment was isolated from the gel; about 5 pg of the 
desired fragment were obtained and suspended in 10 pi of 
TE buffer. 
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Two pi of the -0.29 kb HindHI-SaH fragment of plasimd 
pSV2-HFC8, 2 ul of the -1.15 kb SaH-Bgjn fragment of 
plasmid pSV2~HPC8, and 2 ul of the -4.2 kb Hindni-Bjgill 
fragment of plasmid pSV2-j$-glocin were mixed together 
and ligated in substantial accordance with the procedure of 
Example 6A. The ligated DNA constituted die desired 
plasmid pL133; a restriction site and function map of 
plasmid pL133 is presented in FKj. 9 of the accompanying 
drawings. The desired & coli K12 RRl/pL133 transfer- 
xnants were constructed in substantial accordance with the 
teaching of Example 6A, with the exception that plasmid 
pL133, rather than plasmid pSV2-HPC8, was used as the 
transforming DNA. 

EXAMPLE 7 

Construction of Plasmid pLPC 

About 20 jig of plasmid pBLcat DNA were dissolved in 
10 ul of lOx HindHI buffer and SO of H 2 0. About 10 ui 
(-100 units) of restriction enzyme HindHI were added to the 
solution of plasmid pBLcat DNA, and the resulting reaction 
was incubated at 37° C for 2 hours. The Mndlll-digcrted 
plasmid pBLcat DNA was loaded onto an agarose gel and 
electrcphoresed until the -0.37 kb HimflIT restriction frag- 
ment that comprises the BK enhancer and Ad2 late promoter 
was separated from the other digestion products; then, the 
-0.87 kb fragment was isolated and prepared for ligation in 
substantial accordance with the procedure of Example 4A. 
About 2 ug of the desired fragment were obtained and 
dissolved in 5 jil of TE buffer. 

About 1.5 ug of plasmid pL133 DNA was dissolved in 2 
ul of lOx HindTFT buffer and 16 ul of H 2 0. About 1 ul (-10 
units) of restriction enzyme WimffFT was added to the 
solution of DNA, and the resulting reaction was incubated at 
37° C f or 2 hours. The DNA was then diluted to 100 pi with 
TE buffer and treated with calf-intestinal alkaline phos- 
phatase in substantial accordance with the procedure in 
Example 2. The HindlH-digested plasmid pL133 DNA was 
extracted twice with phenol and once with chloroform, 
precipitated with ethanol, and resuspended in 10 ul of TE 
buffer. 

About 5 pi of the -0.87 kb HindHI restriction fragment of 
plasmid pBLcat were added to the 1.5 ul of HindHt-digested 
plasmid pH33, and then, 1 ul of lOx ligase buffer, 1 ul 
(-1000 units) of T4 DNA ligase, and 1.5 ul of H a O were 
added to the solution of DNA, and the resulting reaction was 
incubated at 16° C overnight The ligated DNA constituted 
the desired plasmid pLPC A restriction site and function 
map of plasmid pLPC is presented in HG. 1*0 of the 
accompanying drawings. 

The ligated DNA was used to transform R coli K12 
HB101 in substantial accordance with the procedure of 
Example 3. The transformed cells were plated on L agar 
containing axnpicillin, and the plasmid DNA of the 
ainpictllin-resistant transformants was examined by restric- 
tion enzyme analysis to identify the E. coU K12 HB101/ 
pLPC transformants. The -0.87 kb HindHI restriction irag- 
mcnt that encodes the BK enhancer and Ad2 late promoter 
could insert into HmdTII-digested plasmid pL133 in oae of 
two orientations, only one of which yields plasmid pLPC 

EXAMPLE 8 

Construction of Plasmids pLPC4 and pLPC5 

About 1 ug (1 ul) of the BK virus DNA prepared in 
Example 1 and 1 ug of plasmid pLPC (1 ui) were dissolved 
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in 2 |il of lOx EcoRI buffer and 14 ul of H 2 0. About 2 ul 
(-10 units) of rcatrictioii enzyme EcoRI were added to the 
solution of DNA, and the resulting reaction was incubated at 
27° C for 2 hours. The EcoRI-digcsted mixture of BK \irus 
and plasrnid pLPC DNA was extracted once with buffered 
phenol and once with chloroform. Then, the DNA was 
collected by adjusting the NaQ concentration to 0.25M, 
adding two volumes of ethanol, incubating the solution in a 
dry ke-ethanoi bath for 2 minutes, and centxifuging the 
solution to pellet the DNA. Hie supernatant was discarded, 
and the DNA pellet was rinsed with 70% ethanol, dried, and 
resuspended in 12 ul of TE buffer. 

About 13 ul of HaO and3. ul of lOx ligase buffer were 
added to the EcoRI-digested mixture of BK virus and 
plasmid pLPC DNA. Two ul (-1000 units) of T4 DNAligase 
were added to the solution of DNA, and the resulting 
reaction was incubated at 16° C for 2 hours. The ligitcd 
DNA constituted the desired plasmids pLPCi and pLI^, 
which differ only with respect to the orientation of the 
inserted BK virus DNA. A restriction site and function map 
of plasmid pLPC4 is presented in HG. H of the acconma- 
nying drawings. 

The ligatcd DNA constituted the desired plasmids pU?C4 
and pLPC5 and was used to transform £. coli K12 HB101 
competent cells in substantial accordance with the procedure 
of Example 3. The transformed cells were plated on L agar 
containing 100 ug/ml ampirifluu The & coli K12 HBIOV 
pLPC4 and E. coli K12 HB101/pLPC5 transformants were 
identified by their ampicfllin-rcsistant phenotype and, by 
restriction enzyme analysis of their plasmid DNA. 

EXAMPLE 9 

Construction of Plasmids pLPChygl and 
pLPChyg2 

& coli K12 RR14>SV2hyg cells are obtained from the 
Northern Regional Research Laboratory under the accession 
number NRJRL B-18039, Plasmid pSV2hyg DN^ k is 
obtained from the cells in substantial accordance with the 
procedure of Example 3. A restriction site and function map 
of plasmid pSV2hyg is presented in HG. 12 of the acosm- 
panying drawings. 

About 10 ug (in 10 ul of TE buffer) of plasmid pSV2hyg 
were added to 2 ul of 10x BamHI buffer and 6 ul of B^O. 
About 2 ul (about 20 units) of restriction enzyme BaroHI 
were added to the solution of DNA, and the resulting 
reaction was incubated at 37° C for 2 hours. The reaction 
was extracted first with phenol and then was extracted twice 
with chloroform. The BamEI-digested plasmid pSVIhyg 
DNA was loaded onto an agarose gel, and the hygromycin 
resistance gene-containing, -2.5 kb resuiction fragment was 
isolated in substantial accordance with the procedure 
described in Example 4A. 

About 5 ul of 10x Klenow buffer (0.2 mM in each of the 
four dNTPs; O^MTris-HO, pBL=7.8; 50 mM MgO^; aiM 
2-mercaptoemanol; and 100 ug/ml BSA) and 35 ul of IUO 
were added to the solution of BamHI-digested plasmid 
pSV2hyg DNA, and then, about 25 units of Klenow enz>me 
(about 5 ul, as marketed by BRL) were added to the mixture 
of DNA, and the resulting reaction was incubated at 16° C 
for 30 minutes. The Klenow-treated, BamHI-digested plas- 
mid pSV2hyg DNA was extracted once with phenol and 
once with cMorcform and men precipitated with ethanoi 
About 2 ug of the desired fragment were obtained and 
suspended in 5 ul of TE buffer. 

About 10ug(10ul)ofpla^dpLPCDNAwereadied 
to 2 jil of lOx Suil buffer and 6 ul of HjO. About 2 ul (-10 
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units) of restriction enzyme Smlwcre added to the solution 
of DNA, and the resulting reaction was incubated at 37° C 
for 2 hours* The Stal-digested plasmid pLPC DNA was 
precipitated with ethancl, collected by centxifugation, and 
resuspended in 2 pi of 10x Ndel buffer (1.5M NaCfc 0.1M 
Tris-HCl, pH=7.8; 70 mM MgCl 2 ; 60 mM 
2-mexcaptoethanoi; and 1 mg/ml BSA) and 16 ul of H^O. 
About 2 pi (-10 units) of restriction enzyme Ndel were 
added to the solution of Stul-digested DNA, and the result- 
ing reaction was incubated at 37° C for 2 hours. 

The Ndel-StuI-digested plasmid pLPC DNA was precipi- 
tated with ethanol, collected by centrirugation, and resus- 
pended in 5 ul of lGx Klenow buffer and 40 ul of Kfi. 
About 5 ul (-25 units) of Klenow enzyme were added to the 
solution of DNA, and the resulting reaction was incubated at 
16° C for 30 minutes. After the Klenow reaction, the 
reaction mixture was loaded onto an agarose gel, and the 
-5.32 kfo Ndd-Stol restriction fragment was isolated from 
the geL About 5 ug of the desired fragment were obtained 
and suspended in 5 ul of TE buffer. 

About 2 ut of the -25 kb Klenow-ireated BarnHI restric- 
tion fragment of plasmid pSV2hyg were mixed with about 
1 ul of the -5.S2 kb Klenow-treated Ndel-StuI restriction 
fragment of plasmid pLPC, and about 3 ul of lOx ligase 
buffer, 2 ul of T4 DNAIigase (-1000 units), 1 ul of T4 RNA 
ligase (-1 unit), and 14 ul of H a O were added to the solution 
of DNA. The resulting reaction was incubated at 16° C 
overnight The ligated DNA constituted the desired plasmids 
pLPChygl andpLPChyg2, which differ only with respect to 
the odentation of the -2.5 ib Klenow-treated, BamHI 
restriction fragment of plasmid pSV2hyg. A restriction site 
and function map of plasmid pLPChygl is presented in FIG. 
13 of the accompanying drawings. The Hgated DNA was 
used to transform & coU K12 HB101 in substantial accor- 
dance with the procedure of Example 3. The desired K coli 
K12 HB101£LPChygl and£ coU K12 HB10L5pLPChyg2 
transf ormants were plated on L agar containing ampt nil in 
and identified by restriction enzyme analysis of their plas- 
mid DNA. 

EXAMPLE 10 
Construction of Plasmid pBW32 
A. Construction of Intermediate Plasmid pTPA103 
Plasmid pTPA102 comprises the coding sequence of 
human tissue plasminogen activator (TPA). Plasmid 
pTBU02 can be isolated from £ colt K12 MM294/ 
pTPA102, a strain available from the Northern Regional 
Research Laboratory under the accession number NRRL 
B- 15834. A restriction site and function map of plasmid 
pTPA102 is presented in FIG. 14 of the accompanying 
drawings. Plasmid pT^102 DNA is isolated from E. coU 
K12 MM294/pTPA102 in substantial accordance with the 
procedure of Example 1 

About 50 ugof pIasrnMpTPA102(in about 50 ulof TE 
buffer) were added to 10 jd of lOx TthllH buffer (0.5M 
NaO; SO mM Tris-HO, pH-7.4; 80 mM MgCU; 30 mM 
2-mercaptoethanol; and 1 mg/ml BSA) and 30 ul of H 2 0. 
About 10 ul (-50 units) of restriction enzyme Tthllll were 
added to the solution of DNA, and the resulting reaction was 
incubated at 65° C for 2 hours. The reaction mixture was 
loaded onto an agarose geL and the -4.4 fcb TthllH restric- 
tion fragment that comprises the TPA coding sequence was 
isolated from the geL The other digestion products, 3.1 kb 
and 0.5 kb restriction fragments, were discarded. About 10 
ug of the desired -4.4 kb TthllH restriction fragment were 
obtained and suspended in 10 ul of TE buffer. 
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About 5 ul of IQx Klenow buffer and 30 ul of Ufi were 
added to the solution comprising jhe -4.4 kb Tthllll 
restriction fragment, and after the further addition a: about 
5 ul of Klenow enzyme (-5 units), the reaction mixta re was 
incubated at 16* C for 30 minutes. After the Btaow 
reaction, the DNA was precipitated with ethanoi and resus- 
pended in 3 ul of iOx ligase buffer and 14 ul of EjO. 

Bamffi linkers (New England Biolabs), which had the 
following sequence: 

^-CGGATCCG-y 

ifliilii 

3*-GCCTAGGC-5\ 



were Mnased and prepared for ligation by the following 
procedure. Four ul of linkers (~2 ug) were dissolved in 20,15 
ul of H 2 0 and 5 ul of IOx kinase buffer (500 xnM Triir-HO, 
pH=7.6 and 100 mM MgCy, incubated at 90 s C for two 
minutes* and then cooled to room temperature. Rve ul of 
7- 32 P-XrP (-20 ttO), Z5 ul of 1M DTT, and 5 ul of 
polynucleotide kinase (-10 units) were added to the mixture, 
which was then incubated at 37° C for 30 minutes. Then, 
335 ul of 0.01M ATP and 5 ul of kinase were added, aad the 
reaction was continued for another 30 minutes at 37° C The 
radioactive ATP aids in fetenmning whether the linker:! have 
ligated to the target DNA. 

About 10 ul of me Jrinased Bamm linkers were added to 
the solution of -4.4 kb Tthllll restrictioii fragment and 
after the addition of 2 ul ofT4DNAligase (-1000 units) and 
I ui of T4 RNA Kgase (-2 units), the ligation reaction was 
incubated overnight at 4* C The ligated DNA was precipe 
tated with ethanoi and resuspended in 5 ul of 10x Hhidm 
buffer and 40 ul of BUO. About 5 ul (-50 units) of restriction 
ensyme HwdlH were added to the solution of DNA, and the 
resulting reaction was incubated at 37* C for 2 hours. 

The HindDI-digested DNA was precipitated with ethanoi 
and resuspended in 10 ul of iOx BamHX buffer and 90 jil of 
H 2 0. About 10 ul (-100 units) of restriction enzyme BamHI 
were added to the solution of DNA, and the resulting 
xcactioa was incubated at 37° C for 2 hours. After the 
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BamHI digestion, the reaction mixture was loaded onto an 
agarose gel, and the -2.0 kb BamHI-Hindm restriction 
fragment was isolated from the geL About 4 ug of the d esired 
fragment were obtained and suspended in about 5 |d of TE 
buffer. 

To construct piasmid pTPA103, the -2.0 kb B;imHI- 
HinrfHI restriction fragment derived from piasmid pT3?A102 
was inserted into BamHI-ffindn-I-digcsted piasmid pRC 
Piasmid pRC was constructed by inserting an -233 bp 
EcoRI-Gal restriction rragment that comprises the promoter 
and operator (trpPO) sequences of their, coii trp operon into 
EcoiRI-Oal-digcsted piasmid pKC7. Piasmid pKC7 can be 
obtained from the American T^pe Culture Collection in E. 
coii £12 N10(VpKC7 under the accession number ATCC 
37084. The -238 bp EcoRI-Gal restriction fragment that 
comprises the trpPO can be isolated from piasmid pTE A 102, 
which can be isolated from E. coii K12 MM294/pTJ?A102 
(NRRL B-15834). Piasmid pKC7 and piasmid pn?A102 
DNA can be obtained from the aforementioned cell lines in 
substantial accordance with the procedure of Example 3. 
This -0.29 kb EccORI-Gal restriction rragment of pjtasmid 
pTPA102 comprises the transcription activating sec[uence 
and most of the translation activating sequence of the E. coll 
tip gene and has the sequence depicted below: 

10 20 30 40 50 

y-AATTCACGCT GTGGTGTTAT GGTCGGTGGT CGCTAGGGTG CCGACGCGCA 

i! mi i ii 1 1 ii m in tm n i i mini ii mm mi 

3'-GTGCGA CACCACAATA CCAGCCACCA OCGATCCCAC GGCTGCGCGT 

60 70 80 90 100 

TCTCGACTGC ACGGTGCACC AATGCTTCTG GCGTCAGGCA GCCAATCGGA 

mmmi nmnin mmiiii immm nimmi 

AGAGCTGACG TGCCACGTGG TTACGAAGAC CGCAGTCCGT CGGTTAGCCT 

110 120 130 140 1.50 

AGCTGTGGTA TGGCTGTGCA GGTCGTATAA TCACCGCATA ATTCGAGTCG 

mmmi iiiiiiiiii minim nnmm immm 

TCGACACCAT ACCGACACGT CCAGCATATT AGTGCCGTAT TAAGCTCAGC 

160 170 180 190 2130 

CTCAAGGCGC ACTCCCGTTC CGGATAATQT TTTTTGCTCC GACATCATAA 

mimiii. immm ininiiii immm mmmi 

GAGTTCCGCG TGAGGGCAAG GCCTATTACA AAAAACGAGG CTGTAGTATT 

210 220- 230 240 250 

CGGTTCCGCC AAATATTCTG AAATGAGCTQ TTGACAATTA ATCATCGAAC 

i f 1 1 1 1 1 1 1 1 minim immm nnmm immm 

GCCAAGGCCG TTTATAAGAC TTTACTCGAC AACTGTTAAT TAGTAGCTTG' 

260 270 280 287 

TAGTTAACTA GTACGCAAGT TCTCGTAAAA AGGGTAT-3* 

minim mmmi iiitmin ninii 

ATCAATTGAT CATGCGTTCA AGAGCATTTT TCCCATAGC-5 1 



Thus, to construct piasmid pRC, about 2 ug of piasmid 
pKC7 in 10 ul of TE buffer were added to 2 ul of lCx Oal 
buffer (OJM Nad; 60 mM Tris-HO, pH=7.9, 60 mM 
MgfXj; and 1 rng/ml BSA) and 6 ul of H2O. About 2 jd (-10 
units.) of restriction enzyme Qal were added to the s^ution 
of piasmid pKC7 DNA, and the resulting reaction was 
incubated at 37° C for 2 hours. The dal-digested phsmid 
pKC7 DNA was precipitated with ethanoi and resuspended 
in 2 ul of lOx EcoRI buffer and 16 ul of H 2 0. Abo at 2 pi 
(-10 units) of restriction enzyme EcoRI were added to the 
solution of dal-digested piasmid pKC7 DNA, aiad the 
resulting reaction was incubated at 37° C. for 2 hours. 

The EcoRI-Oal-digested piasmid pKC7 DNA was 
extracted once with phenol and then twice with chloroform. 
The DNA was then preciprtated with ethanoi and rcsus- 
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pended in 3 ul of lOx Hgase buffer and 20 ul of H 2 0. A 
restriction site and function map of plasmid pKC7 can 1bc 
obtained from Maniatis et aL, Molecular Cloning (Cold 
Spring Harbor Laboratory, 1982), page 8. 

About 20 jig of plasmid pTPA102 ,in about 20 \& of TE 
buffer were added to 10 pi of lOx Oal buffer and 60 ul of 
H 2 0. About 10 ul (-50 units) of restriction enzyme Qat 
were added to the solution of plasmid pTPA102 DNA, and 
me resulting reaction was incubated at 37° C for 2 bouts. 
The Clal-digestcd plasmid pTPAl02 DNA was precipitated 
with ethanol and resuspended in 10 ul of lOx EcoRI buffer 
and 80 ul of H 2 0. About 10 ul (-50 units) of restriction 
enzyme EcoRI were added to the solution of Qal-digestesd 
plasmid pTPA102 DNA, and the resulting reaction wjis 
incubated at 37° C for 2 hours. 

The EcoRK3aI-digested plasmid pTPA102 DNA was 
extracted once with phenol, loaded onto a 1% poryacrylii- 
mide gel t and electrophorescd until the -288 bp EcoRI-CM 
restriction fragment that comprises the trpPO was separated 
from the other digestion products. The -288 bp EcoRI-CLiI 
restriction fragment was isolated from the gel; about 1 ug of 
the desired fragment was obtained, suspended in 5 ul of TE 
buffer, and added to the solution of EcoRI-Oal-digested 
plasmid pKC7 DNA prepared as described above. About 2 
ul (-1000 units) of T4 DNAligase were then added to the 
mixture of DNA, and the resulting ligation reaction was 
incubated at 16° C for 2 hours. The ligated DNA constituted 
the desired plasmid pRC DNA. 

The ligated DNA was used to transform E. eoli K12 
HB101 competent ceils in substantial accordance with the 
procedure of Example 2. The transformed cells were plated 
on L agar containing 100 ug/ml ampicGlin, and the 
ampkillin-resistant transformants were screened by restric- 
tion enzyme analysis of their plasmid DNA to identify the 
desired E eoli K12 HBlOLfcRC colonies. Plasmid pRC 
DNA was obtained from the E eoli K12 HBlOL/pRC 
transformants in substantial accordance with the procedure 
of Example 3. 

About 2 ug of plasmid pRC DNAin 2 ul of TE bufferwere 
added to 2 ul of lQx HindTTT buffer and 16 ul of H 2 0. About 
2 ul (-10 units) of restriction enzyme Hindis were added to 
the solution of plasmid pRC DNA, and me resulting reaction 
was incubated at 37° C for two hours. The HindHI-digested 
plasmid pRC DNA was precipitated with ethanol and resus- 
pended in 2 ulof lOx BamHT buffer and 16 ul of H^O. About 

2 ul (-10 units) of restriction enzyme BamHT were added to 
the solution of Hindm^digcsted plasmid pRC DNA, and the 
resulting reaction was incubated at 37° C for 2 hours. 

The BamBI-Hindni-digcstcd plasmid pRC DNA was; 
extracted once with phenol and men twice with chloroform, 
The DNA was precipitated with ethanol and resuspended in 

3 ul of 10x hgase buffer and 20 ul of HaO. The -4 ug (in -5 \ 
ul of TE buffer) of -2.0 1m HindBI-BamHI restriction, 
fragment of plasmid pTPA102 were then added to me 
solution of Bamm-HmdlE-digeszed plasmid pRC DNA. 
About 2 ul (-1000 units) of T4 DNA Hgase were added to 
the mixture of DNA, and the resulting reaction was incu- 
bated at 16° C. for 2 hours. The ligated DNA constituted the 
desired plasmid pTPA103 DNA. 

To reduce undesired transformants, the ligated DNA was 
digested with restriction enzyme Ncol, which cuts plasmid 
pRC but not plasmid pTEAJ03. Thus, digestion of the 
ligated DNA with Ncol reduces undesired transformants, 
because Knrffri7rd DNA transforms E* coii at a lower 
frequency than closed, circular DNA. To digest the ligated 
DNA, the DNA was first precipitated with ethanol and then 
resuspended in 2 ul of lOx Ncol buffer (L5M Nad; 60 mM 
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Tris-HO, pH=*Z8; 60 mM MgQ 2 ; and 1 mg/ml BSA) and 
16 pi of BUO. About 2 ill (-10 units) of restriction enzyme 
Ncol were added to the solution of DNA, and the resulting 
reaction was incubated at 37° C for 2 hours. 

The Hgated and then Ncol-digested DNA was used to 
transform £ coU K12 KV30S (NRRLB-15624). £ cob' 802 
KV308 cells were made competent and transformed in 
substantial accordance with the procedure of Example 3. 
The transformation mixture was plated on L agar containing 
100 ug/ml ampicfllfa.Thc ari^icilliii-resistant transforms 
were tested for sensitivity to kanamyciau for though plasmid 
pRC confers kanamydn resistance, plasmid pTPA103 does 
not The amrricilHn-resistant, kanamydn-sensittve transf ar- 
mants were men used to prepare plasmid DNA* and ihe 
plasmid DNA was examined by restriction, enzyme analysis 
to identify the £ coU K12 RV308/pTPA103 transfcrmarts. 
A restriction site and function map of plasmid pTPA103 is 
presented in HG. 14 of the accompanying drawings. Plis* 
mid pTPAl03 DNA was isolated from the £ coU K12 
RV3G8/pTPA103 cells in substantial accordance with the 
procedure of Example 3. 
B. Construction of Intermediate Plasmid pBW25 

About 1 jig ofplasmidpTPA103 DNAin 1 ul of TE burTer 
was added to 2. pi of lOxBgJH buffer and 16 ul of H 2 0. 
About 1 ul (-5 units) of restriction enzyme Bgffl was added 
to the solution of plasmid pTPAlQ3 DNA, and the resulting 
reaction was incubated at 37° C for 2 hours. The BgUI- 
digested plasmid pTPAl03 DNA was precipitated with 
ethanol and resuspesded in 5 ul of 10x Klenow buffer and 
44 ul of H^O. About 1 ul of Kleaow enzyme (1 unit) was 
added to the solution of Bgffl-digested plasmid pTPA103 
DNA, and the resulting reaction was incubated at 16° C for 
2 hours. The Klenow-treated, BglH-digested plasmid 
pTPA103 DNA was precipitated with ethanol and resus- 
pendedin3 ul of 10x ligase buffer and 22 ul of H 2 0. 

About 2 ul (0.2 ug) of unKnased Ndel linkers (New 
England Biolabs) of sequence: 

y-CCATATCG-y 

1 1 1 1 1 1 II 

3 f 43C3?TATACC-r 



were added to the solution of Klenow-treated, BgEDL- 
digested plasmid pTPAH&DNA, toother with 2 ul (-1000 
units) of T4 DNA ligase and 1 ul (-2 units) of T4 KNA 
ligase, and the resulting ligation reaction was incubated at 4° 
C. overnight The ligared DNA constituted plasmid 
pTPA103dcrNdck which is substantially similar to plasmid 
pTPAX03, except plasmid pTPA103dcrNdeI has "an Ndel 
recognition sequence where plasmid pTPA103 has a BgEI 
recognition sequence. 

The ligated DNA was used to transform £ coti KXl 
RV308 competent cells in substantial accordance with the 
procedure described in Example Z The transformed cells 
were plated on L-agar containing ampiallin., and the £ colt 
K12 RV308/pTPAlO3derNdeI transfonnants were iaeatified 
by restriction enzyme analysis of their plasmid DNA. Plas- 
mid pTPA103derNdeI DNA was isolated from the transf or- 
mants for use in subsequent constructions in substantial 
accordance with the procedure of Example 3. 

About 10 ug of plasmid pT?A103derNdeI DNA in 10 jtil 
of TE buffer were added to 2 ul of lOx Avail buffer (0.6K 
Nad; 60 mM Tris-HO, pH=8.G; 0.1M MgCU; 60 mM 
2-mercaptoethanol; and 1 mg/ml BSA) and 6 ul of H 2 0, 
About 2 ul (-10 units) of restriction enzyme Avail were 
added to the DNA. and the resulting reaction was incubated; 
at 37° C for 2 hours. The AvaH-digested DNA was loaded, 
onto an agarose gel and electrophoresed until the -1.4 kb 
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restriction fragment was separated from the other digestion 
products. The -L4 kb Avail restriction fragment of plasmid 
pTPAl03derNdeI was isolated from the gel; about 2 jig of 
the desired fragment were obtained and suspended in 5 ul of 
TE buffer. 

About5 |il of 10xKlenowbaffer,35uiofH 2 O ) and5 ul 
(-5 units) of Klenow enzyme were added to the solution of 
-1.4 fcb Avail restriction fragment, and the resulting reaction 
was incubated at 16° C. for thirty minutes. The Klencw- 
tzeated DNA was precipitated with ethanol and resuspended 
in3 ui of lOx ligase buffer and 14- pi of HiO. 

About 2 ug of Hpal linkers of sequence: 

y-cCTrAACcr 
1 1 1 1 1 1 1 1 

were kinased in substantial accordance with the procedure of 
Example 10A. About 10 ul of the Irinascd linkers were added 
to the solution of Kleuow-treated, -1.4 kb Ayall restriction 
fragment of plasmid pTEAl03dcrNdeI together with 2 ui 
(-1000 units) of T4 DNAligase and 1 ul (-1 unit) of T4 
RNA ligase, and the resulting reaction was incubated at 16° 
£ overnight. 

The ligated DNA was extracted once with phenol, 
extracted twice with chloroform, precipitated with ethanol, 
and resuspended in 2 ul of 10x EcoRI buffer and 16 ul of 
HjO. About 2 ul. (-10 units) of restriction enzyme EcoRI 
were added to me solution of DNA, and me resulting 
reaction was incubated at 37° C for 2 hours. The EcoRI- 
digested DNA was extracted once with phenol, extracted 
twice with chloroform, precipitated with, ethanol, andresus- 
pended in 3 ul of lOx ligase buffer and 20 ul of H^The 
fragment, which is about 770 bp in size and encodes the 
trpPo and the amino-terxninus of TPA, thus prepared had one 
EcoRI-compatible end and one blunt end and was ligated 
into EcoRI-Smal-digestcd plasmid pUC19 to form plasmid 
pUClSTPAFE. 

About 2 ul of plasmid pUC19 (available from Bethesda 
Research Laboratories) were dissolved in 2 ul of lOx Smal 
buffer (0.2M KQ; 60 mM Trfs-HO, pH=S.0; 60 mM 
MgOa; 60 mM 2-mercaptocthanol; and 1 mg/mi BSA) and 
16 ul of HjO. About 2 ul (-10 units) of restriction enzyme 
Smal were added to the solution of DNA, and the resulting 
reaction was incubated at 25° C for 2 hours. The Smal- 
digested plasmid pUC19 DNA was precipitated with 
ethanol, collected by centrirugation, and resuspended in 2 ul 
of lOx EcoRI buffer and 16 ulof H 2 0. About2 ul (-10 units) 
of restriction enzyme EcoRI were added to the solution of 
Smal-digested plasmid pUC19 DNA, and the resulting 
reaction was incubated at 37° C for 2 hours. The EcoRI- 
Smal-digested plasmid pUC19 DNA was extracted once 
with phenol, extracted twice with chloroform, and resus- 
pended in 5 ulof TE buffer. 

The EcoRI-Smal-digested plasmid pUC19 DNA was 
added to the solution containing the -770 bp EcoRI-blunt 
end restriction fragment derived from plasmid 
pTPA103derNdeL About 2 ul (-1000 units) of T4 DNA 
ligase were added to the mixture of DNA, and me resulting 
reaction was incubated at 16° C overnight The ligated DNA 
constituted the desired plasmid pUC19TPAPE. Arestriction 
site and function map of plasmid pUC19TPAFE is presented 
in FIG- 14 of the accompanying drawings. 

The mum^e^oning site of plasmid pUC19. which com- 
prises the EcoRI and Smal recognition sequences utilized in 
the construction of plasmid pUC19TEAFE, is located within 
the coding sequence for the lacZ a fragment Expression of 
me lacZ a fragment in cells that contain the lacZ AM15 
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mutation, a mutation 'in the lacZ gene that encodes 
(3-galactosidase, allows those cells to^xpress a Pactional 
(i-galactosidase molecule and thus allows those cells to 
hydroiyze X-Gai (5-bromo-4-chlaro-3-iadolyl-p-D- 
galactopyranosidc), a colorless compound, to its indigo- 
colored hydrolysis product Insertion of DNA into the 
multiple-doning site of plasmid pUC19 interrupts the cod- 
ing sequence for the lacZ a fragment, and cells with the 1 acZ * 
AM 15 mutation that host such a plasmid are unable to 
hydroiyze X-Gai (this same principle is utilized when clon- 
ing into plasmid pUC8; see Example 2). The ligated DNA 
mat constituted plasmid pUC19TPAPE was used to tews- 
form E. coil K12 RR1AM15 (NRRL B-15440) cells made 
competent for transformation in substantial accordance with 
the procedure of Example 2. 

The transformed cells were plated on L agar containing 
100 Jig/ml ampidllin; 40 pgfai X-Gal; and 1 mM WXQ. 
Colonies that failed to exhibit the indigo color were subaii- 
tured and used to prepare plasmid DNA; the B. coli 102 
RR lAM15/pUC19TPAFE transfecmants were identified, by 
restriction enzyme analysis of their plasmid DNA. Plasmid 
pUC19TPAFE DNA was isolated from the E> coti IC12 
RR1AM15/£UC19TEAFE cells for use in subsequent con- 
structions in substantial accordance with the procedure of 
Example 3. 

About 7 pg of plasmid pUC19TPAFE in 20 pi of TE 
buffer were added to 10 pi of lOx Hpal buffer (0.2M KC1; 
0.1M TOs-HO, pH»7.4; and 0.1M MgCy and 70 pi of 
HjO. About 3 pi (-6 units) of restriction enzyme Hpal were 
added to the solution of plasmid pUClSTPAFE DNA, and 
the resulting reaction was incubated at 37° C for 20 niin- 
utes; the short reaction period was designed to yield a partial 
Hpal digest The reaction was adjusted to 150 pi of lx 
BamHt buffer (150 mM NaCU 10 mM Tris-HCL pBNt.0; 
and 10 mM MgC^; raising the salt concentration inactivates 
Hpal). About 1 ul (-16 units) of restriction enzyme BamHI 
were added to the solution of partially-Hpal-digested DNA, 
and the resulting reaction was incubated at 37° C for 90 
minutes. 

The BamHI-partialiy-Hpal-digested plasmid 
pUC19TPAFE DNA was concentrated by ethauol 
precipitation, loaded onto a 1.5% agarose gel, and the -3 .42 
kb Hpal-SamHI restriction fragment that comprises the 
repHcon* {^lactamase gene, and all of the TPA-encodlng 
DNA of plasmid pUCATPAFE was isolated from the gel by 
cutting out the segment of the gel that contained the desired 
fragment, freezing the segment, and then squeezing the 
liquid from the segment The DNA was precipitated from the 
liquid by an ethanol precipitation. About 1 pg of the desiired 
fragment was obtained and suspended in 20 ul of TE buffer. 

About 10 ug of plasmid pTEfU03 in 10 pi of TO buffer 
were dissolved in 10 pi of lOx Seal buffer (1.0M Nad; 60 
mM Tris-HCU pH=*7.4; and 60 mM MgCy 10 mM DOT; 
and 1 mgfcni BSA) and 80 ul of Ha<X About 3 pi (-18 units) 
of restriction enzyme Seal were added to the solution of 
plasmid pTPA103 DNA, and the resulting reaction was 
incubated at 37° C for 90 minutes. The reaction volume was 
adjusted to 150 pi of lx BamHI buffer, and about 1 pi (- 16 
units) of restriction enzyme BamHI was added to the 
mixture, which was then incubated at 37° C fox 90 minutes. 
The DNA was precipitated with ethanol, collected by 
centrimgation, and resuspended in preparation for electro- 
phoresis. The ScaI-BamM-digestedplasznidpTPA103 DNA 
was loaded onto a 1.5% agarose gel and electrcphoresed 
until the -1*015 kh Scal-BarnKI restriction fragment was 
separated from the other digestion products. The -1.015 
Scal-BamHI restriction fragment that comprises the T?A 
cartx)xy-termmus-encoding DNA of plasmid pTPA103 was 
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isolated from the gel; about 05 pg of the desired fragmeat 
were obtained and dissolved in 20 ut of glass-distilled HjO. 

About 2 pi of the -3.42 ib BamHI-Hpal restriction 
fragment of plasmid pUC19TPAFE were added to 2 pi of the 
-1.015 kb Scal-BamHI restriction fragment of plasmid 
pTPA103 togcthawith2plof lOxligascbaffcraiidlpi^'l 
Weiss unit; the Jigase was obtained from Promega Biotee, 
2800 S. Fish Hatchery Road, Madison, Wis. 53711) of T4 
DNAKgase, and the resulting reaction was incubated at 16* 
C overnight The ligated DNA constituted the desired 
plasmid pBW25. A restriction site and function map of 
plasmid pSW25 is presented in FIG. 14 of the accompany- 
ing drawings. 

The ligated DNA was used to transform K coU K12 
JM105 (available from BRL) that were made competent f<r 
transformation in substantial accordance with the procedure 
of Example 2, except that 50 mM CaQj was used in the 
procedure. The transformed cells were plated onBHI (Difco 
Laboratories, Detroit, Mich.) containing 100 pg/ml 
ampicfllin, and the E* coU K12 3M105/pBW25 transfox- 
mants were identified by restriction enzyme analysis of their 
plasmid DNA. Digestion of plasmid pBW25 with restriction 
enzyme EcoRI yields -338 kb and -1.08 ib restricrion 
fragments. Plasmid pBW25 is prepared for use in subset 
quent constructions in substantial accordance with the pro- 
cedure of Example 3. 

C Site-specific Mutagenesis of the TPA Coding Region and 
Construction of Plasmid pBW28 

About 5 jig of plasmid pBW25 in 10 pi of glass-distilled 
H^O were added to about 10 pi of lOx HindTTT reaction 
buffer and 80 pi of H^O. About 1 pi (-20 units) of restriction 
enzyme HindTTT was added to the solution of plasmid 
pBW25 DNA, and the resulting reaction was incubated at 
37° C for 90 minutes. About 3 pi (-24- units) of restriction 
enzyme EcoRI and 10 pi of 1M Tris-HO, pH=7.d, wexe 
added to the solution of HindTIE-digested plasmid pBW25 
DNA, and the resulting reaction was incubated at 37° C. for 
90 minutes. The EcoRI-Hindlll-digested plasmid pBW25 
DNA was concentrated by ethanol precipitation, loaded onto 
a L5% agarose gel, and eledrophoresed until the -810 bp 
BcoRX-HindXII restricrion fragment was separated from the 
other digestion products. About 0.5 pg of the -810 bp 
EcoqRI-Hindm restriction fragment was isolated from the 
gel, prepared for ligation, and resuspended in 20 pi of 
glass-distilled H 2 0. 

About 4.5 pg of the replicative form (RF) of M13mp8 
DNA (available from New England Biolabs) in 35 pi cf 
glass-distilled H^O were added to 10 pi of lOx HindEI 
buffer and 55 pi of H 2 0. About 1 pi (-20 units) of restriction 
enzyme HindlEC was added to the solution of M13mp8 DN^^ 
and the resulting reaction was incubated at 37° C for 1 houc 
About 3 pi (-24 units) of restriction enzyme EcoRI and 
about 10 pi of 1M TosjaO, pH=7.6\ were added to the 
solution of HindHI-digested M13mp8 DNA, and the results 
ing reaction was incubated at 37° C for 1 hour. The 
HindHT-EcoRI-digested M13mp8 DNA was collected by 
ethanol precipitation, resuspended in preparation for agarose 
gel electrophoresis, and the large restriction fragment iso- 
lated by gel electrophoresis. About 1 pg of the large EcoRI- 
Hindm restriction fragment of M13mp8 was obtained and 
suspended in 20 pi of glass-distilled H 3 0. About 2 pi of th<: 
large EcoRI-ffindTTT restriction fragment of M13mp8, 2 pi of 
lOx ligase buffer, 12 pi of E^O and -1 pi (-1 Weiss unit) of 
T4 DNA ligase were added to 3 pi of the -810 bp EcoRI* 
HindTTT restriction fragment of plasmid pBW25, and this 
resulting ligation reaction was incubated at 16° C overnight. 

£ coli JM103 cells, available from BRL, were made 
competent and traasfected with the ligation mix in substan- 
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tiai accordance with the procedure described in the BRL 
M13 Qoning/'Dideoxy * Sequencing Instruction Manual, 
except that the amount of DMA used per traasfecrion was 
varied. Recombinant plaques were .identified by insertional 
inactivation of the j^-galactosidasc a-fcagment-enctxling 
gene, which results in the loss of the ability to cleave X-gai 
to its indigo-colored cleavage product For screening 
purposes, sis white plaques were picked into 2.5 ml of L 
broth, to wMch was added 0.4 mi of E. coli K12 JM103, 
cultured in minimal media stock to insure retention of the F 
episome that carries proAB, in logarithmic growth phase. 
The plaque-containing solutions were incubated in an air- 
shaker at 37° C for 8 hours. Cells from 1.5 ml aliquots were 
pelleted and RF DNA isolated in substantial accordance ^vith 
the alkaline miniscreen procedure of Birnboim and Doly, 
1979, Nuc. Adds Res. 7:1513. The remainder of each 
culture was stored at 4° C for stock. The desired phage, 
designated pM8BW26, contained the -810 bp EcoRI- 
HinriTTT restriction fragment of plasmid pBW25 ligatol to 
the -13. ib EcoRI-HindTIT restriction fragment ofM13mp& 
About fifty ml of log phase E. coli JM103 were ttaztcd 
with pM8BW26 and incubated in an air-shaker at 37° C for 
IS hours. The infected cells were pelleted by low speed 
centrifugation, and single-stranded pMSBW26 DNA was 
prepared from me culture supernatant by scaling up the 
procedure given in the Instruction manual. Stogie-stranded 
pM8BW26 was mntagenxzed in substantial accordance with 
the teaching of AdcJinan et aL, 1983, DNA 2(3): 183-:L93, 
except that the IQenow reaction was done at room tempera- 
ture for 30 minutes, then at 37° C for 60 minutes, then at 10° 
C for 1 8 hours. In addition, the S 1 treatment was done at 20* 
C, the salt concentration of the buffer was one-half that 
recommended by the manufacturer; and the M13 sequencing 
primer (BRL) was used. The synthetic oligodeoxyribonucle- 
otide primer used to delete the coding sequence for amino 
acM residues 87 through 261 of native TPA was 

y-GGGAAgrjC S CIGTGAAArAgCCACCXGCOGCCIGAGA-3'. 

The resulting mutagenesis mix was used to transfect E. 
coli K12 JM103 in substantial accordance with the infection 
procedure described above. Desired mutants were identified 
by restriction enzyme analysis of RF DNA and by Ma: cam 
and Gilbert DNA sequencing. The desired mutant, wluch 
bad the coding sequence for amino acid residues 87 through 
261 of native TPA deleted, was designated pM8BW27, 
x . To construct plasmid pBW28, a variety of DNAfragmcnts 
are needed. The first of these fragments was obtained by 
adding -20 ug of RF pMSBW27 DNA in 20 ul of glass- 
distilled HjO to 10 ui of 10* Ndel buffer and 60 ul-of i^O; 
About 10 ul (-50 units) of restriction enzyme Ndel were 
added to the mixture of plasmid pM8BW27 DNA, and the 
resulting reaction was incubated at 37° C for two hours. The 
Ndel-digested plasmid pM8BW27 DNA was precipitated 
with ethanol, collected by centrifugation, andresuspended in 
10 ul of IOxEcoRI buffer and 90 fd of HjO. About 10 ul 
(-50 units) of restriction enzyme EcoRI were added to the 
solution of Ndel-digested plasmid pM8BW27 DNA, and: the 
resulting reaction was incubated at 37 9 C for 2 hours. The 
EcoRI-Ndel-digested plasmid pM8BW27 DNA was dec- 
trophoresed on an agarose gel until the -560 bp Ndel-EcoRI 
restriction fragment, which contains the pordon of TPA 
coding sequence that spans the site of deletion, was sepa- 
rated from the other digestion products. The -560 bp Ndel- 
EcoRI restriction fragment was isolated from the gd; about 
0.5 ug of the desired fragment was obtained and suspended 
in 20 ul of glass-distilled H 2 0. 

The second fragment needed to construct plasmid pB^V23 
is synthesized one strand at a time on an automated DNA 
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synthesizer. The two complementary strands, which 'will 
hybridize to form a double-stranded DNA segment mm 
Xbal and Ndel overlaps, are Jrinase'd and annealed in sub- 
stantial accordance with the procedure of Example 6A. 'Hie 
linker has the following structure: 

Xbal 



y-CXSGA^ K3AGGAAT AAC A-3* 

TC CCATAATT ATTACAT ACCTAAATTT ATTC !CT C CTTATTGTAT 

S33~ 



The third fragment needed to construct plasmid pBTO8 
was prepared by adding -20 Hg of plasmid pTPA103 in 20 
pi of TE buffer to 10 pi of lOx BamHI buffer iand 60 jjI of 
HjO. About 10 ul (-50 units) of restriction enzyme BamHI 
were added to the solution of plasmid pTPAiQ3 DNA, and 
the resultiiig reaction was incubated at 37° C for 2 hours. 
The BamHI-digested plasmid pTPAlCS DNA was precipi- 
tated with ethanol, collected by ccntrifugation. and re sus- 
pended in 10 ul of 10x EcoKE buffer and 80 ul of HjO. Alxwt 
10 ul (-50 units) of restriction enzyme EcoRI were added to 
the solution of BamHI-digested plasmid pTPA103 DNA, 
and the resulting reaction was incubated at 37° C far 2 
hours. The BamHI-EcoRI-digested plasmid pTPA103 DNA 
was loaded onto an agarose gel and electrophorcsed until the 
-689 bp EcbRI-BamHI restriction fragment, which com- 
prises the coding sequence for the carboxy-tenninus ofTPA, 
was separated from the other digestion products. About: 0.5 
ug of the -689 bp fragment was isolated from the gel and 
then resuspended in 10 ul of glass-distilled Rfi, 

The final fragment necessary to construct plasmid pB^ IV28 
was isolated from plasmid pLUO, which is a plajimid 
disclosed and claimed in U.S. patent application Sex. No. 
769,221, filed Aug. 26, 1985, attorney docket number 
X-6638. A restriction site and function map of plaianid 
pLUO is presented in FIG. 14 of the accompan;ying 
drawings, and the construction of plasmid pLUO is dis- 
closed in Example 10d, the following section of the present 
Example. 

About 25 ug of plasmid pLUO in 25 jd cf TE buffer were 
added to 10 ul of lOx Xbal buffer (0.5M Nad; 60 mM 
Tris-HCL pH=7.9; 60 mM Mgd^; and 1 mg/ml BSA) and 
55 ul of H 2 0. About 10 ul (-50 units) of restriction enayme 
Xbal were added to the solution of plasmid pLl 10 DNA, and 
the resulting reaction was incubated at 37° C f cor 2 hours. 
The Xbal-dlgested plasmid pLUO DNA was precipiiated 
with ethanol, collected by centrifugatioEL andresuspendsd in 
10 ul of lOx BamHI buffer and 89 ul of H z O. About 1 ul (-5 
units) of restriction enzyme BamHI was added to the solu- 
tion of Xbal-digested plasmid pLUO DNA, and the resulting 
reaction was incubated at 37° C for 30 minutes to obtain a 
partial BamHI digest The XbaI-partiaUy-BamHI-digi:sted 
piasmid-pLllO DNA was loaded onto an agarose gel and 
electrophorcsed until the -6.0 Jkb Xbal-BamHI fragment 
was clearly separated from the other digestion products, The 
-6.0 kb restriction fragment was isolated from the gel; sibout 
0.5 ug of the -6,0 3d> Xbal-BamHI restriction fragment was 
obtained and suspended in about 40 ul of glass-disiillcd 
H„0. This -6.0 ib Xbal-BamHI restriction fragment com- 
prises ail of plasmid pLUO except the EK-BGH-encoding 
DNA. 

To construct plasmid pBW28, the following fragment are 
mixed together about 0.1 ug (-8 pi) of the -6.0 ib BamHI- 
Xbal restriction fragment of plasmid pLUO; about 0.05 ug 
(-2 ul) of the -560 bp Ndel-EcoRI restriction fragment of 
plasmid pM8BW27; about 0.1 ug (-2 ul) of the -6519 bp 
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EcoRI-BamHI xestzictioa fragment of plasmid pTPAlCG; 
and about 0.02 ug (-1) of the -45 bp Xbal-Ndel synthetic 
linker. About 2 pi of lOx Iigasc buffer and 1 ul (-1 Weiiss 
unit) of T4 DNA ligase are added to the mixture of DNA, 
and the resulting ligation reaction is incubated at 4° C. 

overnight for 2 hours. The Jigated DNA constituted the 
desired plasmid pBW28. Arestriction site and function map 
of plasmid pBW28 is presented in HG. 14 of the acccm- 
panying drawings. 

The Iigated DNA was used to ttansfonn R coli ¥12 
MM294 (NRRL B-15625) made competent in substantial 
accordance with the procedure of Example 2, except that 50 
mM CaCLj was used in the procedure. Due to the presence 
of me lambda pL promoter and the gene encoding the 
temperature-sensitive lambda pL repressor on plasmid 
pBW28, the transformation procedure and culturing of 
tzansfonnants were varied somewhat The cells were act 
exposed to temperatures greater man 32° C during traas- 
f conation and subsequent cuitunng. The following section 
of this Example relates more fully the procedures for kin- 
dling plasnrids that encode the lambda pL promoter and its 
temperature-sensitrve repressor. The desired JEL coU K12 
MM294/pBW2S transfcrmants were identified by their 
tetracyciinc-resistant, ampicillin-sensitivc phenotype and by 
restriction enzyme analysis of their plasmid DNA. 
D. Construction of Plasmid pLl 10 

Plasmid pLUO was constructed using plasmid pKC2S3 as 
starting material. Lyopmls of J?, eoli K12 BE1201/pKC2S3 
are obtained from the NRRL under the accession numi>er 
NRRL B-15830. The lyopcils are decanted into tubes con- 
taining 10 ml of L broth and incubated two hours at 32° C, 
at which time the cultures are made 50 ug/ml in ampicilLin 
and then incubated at 32* C overnight The E. coli K12 
BE1201/pKC283 cells were cultured at 32° C, because 
plasmid pKC283 comprises the pL promoter and because £. 
coli K12 BE1201 cells comprise a temperature-sensitive el 
repressor gene integrated into the cellular DNA. When cells 
that comprise a wild-type lambda pL repressor gene or when 
cells mat do not comprise a lambda pL promoter are utilized 
in this plasmid isolation procedure, as described in subse- 
quent Examples herein, the temperature of incubation is 37° 
C 

A small portion of the overnight culture is placed on 
L-agar plates containing 50 ug/ml ampicillin in a manner so 
as to obtain a single colony isolate of E. coli K12 BE1201/ 
pKC283. The single colony obtained was inoculated into 10 
ml of L broth containing 50 ug/ml ampicillin and incubated 
overnight at 32° C with vigorous shaking. The 10 inl 
overnight culture was inoculated into 500 ml of h broth aid 
incubated at 32° C with vigorous shaking until the culture 
reached stationary phase. Plasmid pKC283 DNA was th en 
prepared from the cells in substantial accordance with tie 
procedure of Example 3. About 1 mg of plasmid pKC2:l3 
was obtained and stored at 4° C in TE buffer at a concen- 
tration of about 1 ug/ul. A restriction site and function map 
of plasmid pKC283 is presented in HG. 14 of the accom- 
panying drawings. 

About 10 ul (-10 fig) of the plasmid pKC283 DNA were 
mixed with 20 ul lOx medium-salt restriction buffer (500 
mMNaG; lG0mMT!ris-HClpH=7.5; 100mMMgCl 2 ;and 
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10 mM DTT), 20 ul 1 mg/ml BSA, 5 ul restriction enzyme 
PvuII (-25 units), and 145 ul of water; and the resulting 
reaction was incubated at 37° C for 2 hours. Restriction 
enzyme reactions described herein were routiner/ termi- 
nated by phenol and then cMoroform extractions, which 
were followed by precipilation of the DNA, an ethanol 
wash, and resuspension of the DNA in TE buffer. After 
terminating the PvuH digestion as 30 described above* the 
PvuH-digested plasmid pEC2S3 DNA was precipitated and 
then resuspended in 5 ul of TE buffer. 

About 600 picomoles (pM) of Xhol linkers (5*- 
CCrCGAGG-3 1 ) were Idnased in a mature containing 10 ul 
of 5x Kinase Buffer {300 mM Iris-HO, pHM7.S; 50 mM 
MgC^; and 25 mM DTI), 5 ul of 5 mM ATP, 24 pi ofHjO, 
0.5 pi of T4 polynucleotide kinase (about 2.5 units as defined 
by P-LBiochemicals), 5 ul of 1 mg/ml BSA, and 5 ul of 10 
mM spermidine by incubating the inixture at 37° C for 30 
minutes. About 12.5 ul of the kinased Xhol linkers were 
added to the 5 ul of PvuH-digested plasmid pKC283 DNA, 
and then, 2.5 ul of 10x ligase buffer, 23 ul (about 2J units 
as defined by P-L Biochcmicals) of T4DNAligase, Z5 ul of 
10 mM spermidine, and 12.5 ul of water were added to the 
DNA. The resulting ligation reaction was incubated at 4° C 
overnight After the ligation reaction, the reaction inixture 
was adjusted to have the composition of high-salt buffet 
(0.1MNaa;a05Mliis.Ha,pH7^; 10.0 mMMgCt; and 
1 mM DTT). About 10 ul (100 units) of restriction enzyme 
Xhol were added to the mixture, and the resulting reaction 
was incubated at 37° C for 2 hours. 

The reaction was terminated, and the Xhol-digested DNA. 
was precipitated, resuspended, and Iigated as described 
above, except that no Xhol linkers were added to the ligation 
mixture. The Iigated DNA constituted the desired plasmid 
pKC283PX. A restriction site and function map of plasmid 
pKC283PX is presented in HG. 14 of the accompanying 
drawings. 

K coU K12 MO(X*), available from the NRRL under me 
accession number NRRL B- 15 993, comprises the wild-type 
lambda pL cl represser gene, so that transcription from the 
lambda pL promoter does not occur in £ coll K12 MO(X*} 
cells. Single colonies of & coU £12 MO(k*) are isolated, 
and a 10 ml overnight culture of the cells is prepared; no 
am picflK ii is used hi the growth media. Fifty ul of the; 
overnight culture were used to inoculate 5 ml of L broth, 
which also contained 10 mM MgS0 4 and 10 mM MgCi? 
The culture was incubated at 37° C overnight with vigorous 
shaking. The following morning, the culture was diluted to 
200 ml with L broth containing 10 mM MgSO* and 10 mM 
MgCt The diluted culture was incubated at 37° C with 
vigorous shaking until the OJD^q was about 0.5, which, 
indicated a cell density of about 1x10 s cclls/mL The culture 
was cooled for ten minutes in an ice-water bath, and the cells 
were then collected by centrirugation at 4O00xg for 10 
minutes at 4° C The cell pellet was resuspended in 100 ml 
of cold 10 mM NaO and then immediately re-pelleted by 
centrifugation. The cell pellet was resuspended in 100 ml of 
30 mM Cadi and incubated on ice for 20 minutes. 

The cells were again collected by centrirugation and, 
resuspendedin 10 ml of 30 mM CaG^. A one-half ml aliqud: 
of the cells was added to the Iigated DNA prepared above; 
the DNA had been "made 30 mM in CaCl* The ccll-DNA 
mixture was incubated on ice for one hour, heat-shocked at 
42* C for 90 seconds, and then chilled on ice for about two 
minutes. The cell-DNAimxture was diluted into 10 ml of LB 
media in 125 ml flasks and incubated at 37° C for one hour. 
One hundred ul aliquots were plated on L-agar plates 
containing ampicillin and incubated at 37° C until colonies 
appeared. 
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The colonies woe individually cultured, and the plasmid 
DNAcf the individual colonies was examined by restriction 
enzyme analysis and gel electrophoresis. Plasmid DNA 
isolation was performed on a smaller scale in accordance 
with the procedure of Example 3, but the CsQ gradient step 
was omitted mini the desired E. coli K12 MO(J.*V 
pKC2S3PX transfonnants were identified. A restriction site 
and function map of plasmid pKC283PX is presented in 
FIG. 14 of the accompanying drawings* 

Tea ug of piasmidpKC283PX DNA were dissolved in 20 
pi of lOx high-salt buffer, 20 ul 1 mgtel BSA, 5 ul (-50 
units) of restrictiott enzyme BglH, 5 ul (-50 units) of 
restriction enzyme Xhol, and 150 ul of water, and the 
resulting reaction was incubated at 37° C for two hours. Th e 
reaction was stopped; the BgDI-XhoI digested DNA was 
precipitated, and the DNA was resuspended in5 jil of TH 
buffer. 

A DNA linker with smgle-stranded DNA ends character- 
istic of BgUI and Xhol restriction enzyme cleavage was 
synthesized using an automated DNA synthesizer and 
Irinased as described in Example 6A The DNA ifairw had 
the following structure: 



3*-ATAAXTGAGTTAC2ArCT GAGCT-5 1 



The linker and BglE-XhoI-digested plasmid pKC283PX 
were ligatcd in substantial accordance with the ligatiopro-- 
procedure described above. The ligatcd DNA constituted the 
desired plasmid pKC283-L. A restriction site and function 
map of plasmid pKC283-L is presented in FIG. 14 of the 
accompanying drawings. The plasmid pKC283-L DNA waai 
used to transform £ coli K12 MO£C*) f and the resnlting £. 
coli K12 MCXX"*)4>KC283-L transfonnants were identified 
by their arnpicfHin-resistant phenotype and by restrictiojoi 
enzyme analysis of their plasmid DNA. 

About 10 ug of plasmid pKC283-L DNA were dissolved; 
in 20 ul 1 lOx high-salt buffer, 20 ul 1 mg/ml BSA, 5 ul (-50 
units) restriction enzyme Xhol, and 155 ul of H^O, and the 
resulting reaction was incubated at 37° C. for two hours. The 
Xhol-digested plasmid pKC283-L DNA was then precipi- 
tated and resuspended in 2 ul lOx iack-translation buffer 
(0.5M TOs-HO, pH=*7.2; Q.1M MgS0 4 ; and 1 mM DTT), I 
ul of a solution 2 mM in each of the deoxynucleotide 
triphosphates, 15 ul of H a O, 1 ul (-6 units as defined by P-L 
Biochemicals) of Klenow, and 1 ul of 1 mg/ml BSA. The 
resulting reaction was incubated at 25° C for 30 minutes, 
the reaction was stopped by incubating the solution at 70° C 
for five minutes. 

BamHC linkers (S-CGGGATCCCG-y) were kinased and 
ligated to the Xhol-digested, Klenow-treated plasmid 
pKC283-L DNA in substantial accordance with the ifat^r 
ligation procedures described above. After the ligation 
reaction* the DNA was digested with about 100 units of 
BamHT for about 2 hours at 37° C in high-salt buffer. After 
the BamHI digestion, the DNA was prepared for ligation* 
and the -5.9 leb BamHI restriction fragment was circularized 
by ligation and transformed into £ coli K12 MO<X+) in 
substantial accordance with the procedures described above. 
The R coli £12 MO(X"*)/pKC283-LB transfonnants were 
identified, and then, plasmid pKC223-LB DNA was pre* 
pared from the trassformants in substantial accordance with 
the procedure of Example 3. A restriction site' and function 
map of plasmid pKC283-LB is presented in FIG. 14 of the 
accompanying drawings. 

About 10 ug of plasmid pKC283EX were digtsted with 
restriction enzyme Sail in high-salt buffer, treated with 
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Klenow, and ligated to EcoRI linkers (5*- 
GAGGAArrCCTC-3') in substantial accordance wiih the 
procedures described above. After digestion with restriction 
enzyme EcoRI, which results in the excision of -21 kb of 
DNA, the -4.0 kb EcoRI restriction fragment was circular- 
ized by ligation to yield plasmid pKC283ERS. The ligated 
DNA was used to transform £. coli K12 MO(V), and: after 
the £. coll K12 MO(X^/pKC283PRS transformants were 
identified, plasmid pKC283PRS DNA was prepared from 
the transfoimants in substantial accordance with the ttrocc- 
dure of Example 3, A restriction site and function map of 
plasmid pKC233FRS is presented in HG. 14 of the accom- 
panying drawings. 

About 10 ug of plasmid pKC283IRS were digested in 
200 ul of high-salt buffer with about 50 units each of 
restriction enzymes PstI and SphI After incubating the 
reaction at 37° C for about 2 hours, the reaction mixturs was 
elecnrophoresed on a 0.6% low-gcffing-terDperature agarose 
(FMC Corporation, Marine Colloids Division, RocJiand, 
Me. 04841) gel for 2-3 hours at -130 V and -75 mA in 
Tris-Acetate buffer. 

The gel was stained in a dilute solution of ethic lium- 
bromide, and the band of DNA constituting the -0.J15 kb 
Pstl-Sphl restriction fragment, which was visualized with 
long-wave UY light, was cut from the gel in a 
segment The volume of the segment was determined by 
weight and density of the segment, and an equal volume of 
10 mM Tris-HG, pH 7.6, was added to the tube containing 
the segment The segment was then melted by incubation at 
72° C About 1 ug of the -0.85 kb Pstl-Sphl restriction 
fragment of plasmid pKC283PRS was obtained in a volume 
of about 100 joL In an analogous manner, plasmid pK033- 
LB was digested with restriction enzymes PstI and Spa]; and 
the resulting -3.0 kb restriction fragment was isolated by 
agarose gel electrophoresis and prepared for ligation. 

The -0.85 kb Pstl-Sphl restriction fragment of plasmid 
pKC283PRS was ligated to the -3.0 kb Pstt-SphI restriction 
fragment of plasmid pKC2S3-LB. The ligated DNA consti- 
tuted the desired plasmid pL3Z A restriction site and junc- 
tion map of plasmid pL32 is presented in HO. 14 of the 
accompanying drawings. Plasmid pL32 was transfoioned 
into & coU K12 MO(A*) cells; plasmid pL32 fcNA was 
prepared from the E. coU K12 MO(X. + ypL32 transforniants 
in substantial accordance with the procedure of Example 3. 
Analysis of the plasmid pL32 DNA demonstrated that inore 
than one EcoRI linker attached to the Klenow-treated, Sail 
ends of plasmid pKC283FX. The presence of more than one 
EcoRI linker does not affect the utility of plasmid pL32 or 
derivatives of plasmid pL32 and can be detected by the 
presence of an Xhol restriction site, which is generated 
whenever two of the EcoRI linkers are ligated together. 

^Usndd pCClOl is disclosed in Example 3 of U.S. patent 
application Sec No. 586481, hied 6 Mar. 1984, attorney 
docket number X-5872A, incorporated herein by reference. 
A restriction site and function map of plasmid pCClOl is 
presented in HG. 14 of the accompanying drawings. To 
isolate the EK-BGH-*ncoding DNA about 10 ug of piaismid 
pCClOl were digested in 200 ul of high-salt buffer contain- 
ing about 50 units each of restriction enzymes Xbal and 
BamHL The digestion products were separated by agarose 
gel electrophoresis, and the -0.6 kb Xbal-BamHIrestrit^ion 
fragment which encodes EK-BGH was isolated from the gel 
and prepared for ligation. 

Plasmid pL32 was also digested with restriction enzjmes 
Xbal and BamHE, and the -3.9 kb restriction fragment was 
isolated arid prepared for ligation. The -3.9 kb Xbal-BaHI 
restriction fragment of plasmid pL32 was ligated to the -0.6 



48 

ib Xbal-BamHI restriction fragment of plasmid pCClOl to 
yield plasmid pL47. A restriction site and function map of 
piasxnid pL47 is presented in FIG* 14 of the accompanying 
drawings. Plasmid pL47 was transformed into E. coli K12 
MOQS% and the E. coU K12 MCKX^pL47 transformants 
were identified. Plasmid pL47 DNA was prepared from the 
transformants in substantial accordance with the procedures 
of Example 3. 

Plasmid pPR12 comprises the temperature-sensitive pL 
repressor gene cIS57 and the plasmid pBR322 tetracycline 
resismce-confening gene; Plasmid pPR12 is disclosed and 
claimed in XJS. Pat No. 4,436,8 15, issued 13 Mar. 1984. A 
restriction site and function map of plasmid pHU2 is 
presented in FIG. 14 of the accompanying drawings. 

About 10 ug of plasmid pPR12 were digested with about 
50 units of restriction enzyme EcoRI in 200 ui of high-salt 
buffer at 37° C for two hours. The EcoRI-digested plasmid 
pPR12 DNA was precipitated and then treated with Klenow 
in substantial accordance with the procedure described 
above. After the Klenow reaction, the EcoRI-digested, 
Henow-trcated plasmid pPR12 DNA was redrcularized by 
ligation, and the ligated DNA, which constituted the desired 
plasmid pFR12ARl, was used to transform K coli K12 
RV308 (NRRL B-15624); transformants were selected 
based on tetracycline (10 ug/ml) resistance. After the E. coU 
K12 RV308/pPR12ARl transformants were identified, plas- 
mid pPRUARl DNA was prepared from the transformants 
in substantial accordance with the procedure of Example 3. 

About 10 ug of plasmid pER12ARl were digested with 
about 50 units of restriction enzyme Aval in 200 ul of 
medium-salt buffer at 37° C for 2 hours. The Aval-digested 
plasmid pHU2ARl DNA was precipitated and then treated 
with Klenow. After the Klenow reaction, the Aval-digested, 
Klenow-treated pUsmii pPR12ARl DNA was ligated to 
EcoRI linkers (5XjAGGAArrCCrC-3'), "precipitated, 
resuspended in about 200 ui of high-salt buffer containing 
about 50 units of restriction enzyme EcoRI, and incubated 
at 37° C for about 2 hours. After the EcoRI digestion, the 
reaction mixture was loaded onto a low-melting agarose gel, 
- and the -5.1 fcb EcoRI restriction fragment was purified 
from the gel and -recxrcularized by ligation to yield the 
desired plasmid pPR12ARl. The plasmid pPR12ARl DNA 
was transformed into E. coli K12 RV308; selection of 
transformants was based on tetracycline resistance. Plasmid 
pPR12ARl DNA was prepared from the transfonnants in 
substantial accordance with the procedure of Example 3. A 
restriction site and function map of plasmid pPR12ARl is 
presented in HG. 14 of the accompanying drawings. 

About 10 ug of plasmid pPR12ARl DNA were suspended 
in about 200 ml of high-salt buffer containing about 50 units 
each of restriction enzymes PstI and EcoRI, and the diges- 
tion reaction was incubated at 37° C. for about 2 hours. The 
reaction mixture was then loaded onto an agarose geL and 
the -2.9 Idb Psti-EcoRl restriction fragment of plasmid 
pPR12ARl was isolated and prepared for ligation. 

About 10 ug of plasmid pL47 were digested with restric- 
tion enzymes PstI and BamHI in 200 ul of high-salt buffer 
at 37° C for two hours. The Pstl-BamHI-digested DNA was 
loaded onto an agarose geU and the -2.7 fcb Pstl-BamEI 
restriction fragment that comprised the origin of replication 
and a portion of the arapidflin resistance-conferring gene 
was isolated and prepared for ligation. In a separate reaction, 
about 10 ug of plasmid pL47 DNA were digested with 
restriction enzymes EcoRI and BamHI in 200 ul of high-salt 
buffer at 37° C for two hours, and the -1.03 kb EcoRI- 
BamHE restriction fragment that comprised the lambda pL 
transcription activating sequence, the E, coli Ipp translation 
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activating sequence, and the EK-BGH-cncoding DNA was 
isolated and prepared for ligation. " 

The -2.7 kb Pstl-BamHI and -L03 kb EcoRI-BamHI 
restriction fragments of piasmid pL47 were ligatcd to the 
-2.9 kb Pstl-EcoRI restriction fragment of piasmid 
pPR12ARl to construct piasmid pLUO, and the ligated 
DNA was used to transform £ coli K12 RY308. Tetzacy- 
cline resistance was used as the basis for selecting transfer- 
mants. 

Two PstI restriction enzyme recognition sites axe present 
in the EK-BGH coding region that axe not depicted in the 
restriction site and function maps presented in the accom- 
panying drawings. A restriction site and function map at 
piasmid pLUO is presented in FIG. 14 of the accompanying 
drawings. 

E. Final Construction of Piasmid pBW32 

Approximately 10 ug of piasmid pSV2-(5-giobin DNA 
(NRRL B-15928) were dissolved in 10 ul ICx HindHC 
reaction buffer, 5 ul (-50 units) restriction enzyme Hindd, 
and 35 pi BUO, and the reaction was placed at 37° C for 2 
hours. The reaction mixture was then made 0.15 M in IiQ, 
and after the addition of ZS volumes of ethanol and incu- 
bation in a dry icc-cmanol bath, the DNA was pelleted by 
centrirugation. 

The DNA pellet was dissolved in 10 ul 10x BgUI buffer, 
5 ul (-50 units) restriction enzyme BgUI, and 85 ul H 2 0, and 
the reaction was placed at 37° C for two hours. After the 
BgiH digestion, the reaction mixture was loaded onto a 
O.S5% agarose gel, and the fragments were separated by 
electrophoresis. The gel was visualized using ethidium bro- 
mide and ultraviolet light, and the band containing the 
desired -42 kb HindHI-BgUI fragment was excised from 
the gel as previously described. The peilet was resuspended 
in 10 ul of H 2 0 and constituted -5 ug of the desired -42 kb 
Hindil-BgUI restriction fragment of piasmid pSV2-p- 
globin. The -2.0 kb HindUI-BamHl restriction fragment ca: 
piasmid pTPA103 that encodes TPA was isolated from 
piasmid pTPA103 in substantial accordance with the fare - 
going teaching. About 5 ug of the -2.0 kb HindTTT-BamfflC 
restriction fragment of piasmid pTB\103 were obtained, 
suspended in 10 ul of EUO, and stored at -20° C 

Two ul of the -42 kb BguT-HinriTTI restriction fragmenit 
of piasmid pSV2-phglobin and 4 ul of the -2.0 kb HindnZ- 
BamHl fragment of piasmid pTEAJ.03 were mixed togetheir 
and then incubated with 2 ul of lOx Iigase buffer, 11 ul of 
HaO, and 1 ul of T4 DNA ligase (-500 units) at 4° C 
overnight The ligated DNA constituted the desired piasmid 
pTPA301; a restriction site and function map of the piasmid 
is presented in HG. 14 of the accompanying drawings. The; 
ligated DNA was used to transform £ coli KX2 RR1 celfc; 
(NRRL B-15210) made competent for transformation udl 
substantial accordance with the teaching of Example 3, 
Piasmid DNA was obtained from the K coli K12 RR1/ 
pTPA301 transformants in substantial accordance with the 
procedure of Example 3. 

Piasmid pSV2-dhfr comprises a dihydrofalate reductase 
(dhfr) gene useful for selection of transformed eukaxyotic 
cells and amplification of DNA covalently linked to the dhfr* 
gene Ten ug of piasmid pSV2-dhfr (isolated from E. coB 
K12 HB10VpSV2Hdhfr t ATCC 37146) were mixed with ICt 
ul lOx PvuH buffer, 2 ul (-20 units) PvuH restrictioiii 
enzyme, and 88 ul of HjO, and the resulting reaction was; 
incubated at 37° C for two hoars. The reaction was termi- 
nated by phenol and cMorofoxm extractions, and then, the: 
PvuK-digested piasmid pSY2-dhfr DNA was precipitated, 
and collected by centrifugaa'on. 

BamHI linkers (5 t -CGGArCCCG-3 l ) were kinased and. 
prepared for ligation by the following procedure. To 1 ug of 
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linker in 5 plHjO was added: 10 pi 5x Kinase salts (300 mM 
Tds-Hd, pfl-7.S; 50 mM MgOj; and 25 mM DTT), 5 pi 
of 5 mM ATP t 5 pi of BSA (1 m^ml), 5 ul of 10 niM 
spermidine, 19 ul of H^O, and 1 pi of polynucleotide Kinase 
(10 iinits/ul). This reaction was then incubated at 37° for 60 
minutes and stored at -20° C Hve pi (-5 pg) of the 
PvuII-digested plasmid pSV2-dhrr and 12 ul (-25 pg) of the 
Mnased BamHI linkers were mixed and incubated with 11 pi 
of HjO, 2 pi lOx ligase buffer, and 1 ul (- 1 000 u nits) of T4 
DNA ligase at 16° C overnight 

Ten pi of lOx BamBI reaction buffer; 10 pi (-50 units) of 
BamHI restriction enzyme, and 48 pi of H 2 0 were added to 
the ligation reaction mixture, which was then incubated, at 
37° C. for 3 hours. The reaction was loaded onto a 1% 
agarose gei, and the dssked -L9 kb fragment, which com- 
prises the dhfr gene, was isolated from the gel All linker 
additions performed in these examples were routinely puri- 
fied on an agarose gel to reduce the likelihood of multi ple 
linker sequences in the final vector. The -3 ug of fragment 
obtained were suspended in 10 ui of TE buffer. 

Next, ar#roximately 15 ul (-1 pg) of plasmid pTPASOl 
were digested with BamHI restricton enzyme as tanjght 
above. Because there is a unique BamHI site in plasmid 
pTPA301, this BamHI digestion generates linear plasnnd 
pTPA301 DNA. The BamHI-digested plasmid pTPA301 
was precipitated with ethanol and resospended in 94 pi of 
H 2 0 and phosphatased using 1 pi of Calf-Intestinal Alkaline 
phosphatase (Collaborative Research, Inc., 123 Spring 
Street, Lexington, Mass, 02173), and 5 ul of 1M Ms-HO, 
pH=9.0, at 65° C for 45 rain. The DNA was extracted with 
phcnohchlorofonn, then extracted with crrioroforrxidsoamyi 
alcohol, ethanol precipitated, andrcsuspended in 20 pi H 2 0. 
Ten pi (-0.25 pi) of phosphatased plasmid pTPA301 were 
added to 5 pi of the BamHI, dm^-gene<ontaining restriction 
fragment (~L5 pg), 3 pi of 10x ligase buffer, 3 ul ( r 1500 
units) of T4 DNAHgase, and 9 pi HjO. This ligation reaction 
was incubated at 15° C overnight; the Iigated DNA consti- 
tuted the desired plasmid pTPA303 DNA. 

Plasmid pTPA303 was used to transform £. coll K12RR1 
(NRRL B-15210), and the resulting EL coU K12 RR1/ 
pTPA303 transfcrmants were identified by their ainpicillm- 
resistant phenotype and by restriction enzyme analysis of 
their plasmid DNA. Plasmid pTPA3Q3 was isolated from the 
transfcrmants in substantial accordance with the procedure 
of Example 3. 

To isolate the -2.7 kb EcoRI-BglH restriction fragment 
that encodes the pBR322 replicon and ^-lactamase gene 
from plasmid pTPA301, about 10 pg of plasmid pTPA301 
are digested to completion in 400 pi total reaction volume 
with 20 units BqlS restriction enzyme in lx BgDT buffer at 
37° C After the BgjQH digestion, the Tris-HO. concentration 
is adjusted to 110 mM, and 20 units of EcoRI restriction 
enzyme are added to the BgHT-digcstcd DNA. The EcoFI- 
BgUX-digested DNA is loaded onto an agarose gel and 
electrophoresed until the ~Z7 kb EcoRI-BgUI restriction 
fragment is separated from the other digestion products, and 
then, the -2.7 kb fragment is isolated and prepared for 
ligation. 

To isolate a restriction fragment that comprises the dtir 
gene, plasmid pTPA303 was double-digested with HindlR 
and EcoRI restriction enzymes, and the -2340 bp EcoSI- 
HfndTTT restriction fragment that comprises the dhfr geiie 
was isolated and recovered. 

To isolate the -2 kb HiiidHI-Sstl restriction fragment of 
plasmid pTPA303 that comprises die coding region for the 
carboxy-tcrminus of TPA and the SV40 promoter, plasmid 
pTPA303 was double digested with HiadHI and SstI restric- 
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fc'on enzymes in lx H£nrfITI buffo: Hie -1.7 Jfcb fragment w as 
isolated from the gel and prepared for ligation. 

To isolate the -6*80 bp XhoU (compatible for ligation with 
the Bgin ovedap)-SstI restriction fragment of plasmid 
pBW23 that comprises the coding region for the amino 
terminus of modified TPA, about 10 ug of plasmid pBW28 
were digested with XhoH enzyme to completion In lx XhcH 
buffer (0.1M Tris-HCl, pB=8.0; 0.1M MgC^; 0.1% Triton 
X-100; and 1 mg/mi BSA). The XhoII-digested DNA was 
recovered by ethanol precipitation and subsequently 
digested to completion with Sstl enzyme. The XhoH-SslI- 
digested DNA was loaded onto an acrylamide gel, and the 
desired fragment was isolated from the gel and prepared far 
ligation. 

About 0. 1 ug of each of the above fragments: the -2.7 1 cb 
EcoRI-BglH restriction fragment of plasmid pTPA301; tlie 
-2.34 kb EcoRI-HincHH restriction fragment of plasmid 
pTPA303; the -1.7 kb Sstl-HfTidTTT restriction fragment of 
plasmid pTPA303; and the -0.68 kb Sstl-XhoU restriction 
fragment of plasmid pBW28 were ligated together to form 
plasmid pBW32. The ligation mix was used to transform .£ 
coli K12 MM294 as taught in Example 2, except mat 50 mM 
CaClj was used in the procedure. Transf brmants were iden- 
tified by (heir amptaBin^resistant phenotype and by restric- 
tion analysis of their plasmid DNA. Plasmid pBW32 DNA 
was obtained from toe E. coli K12 MM294£BW32 tracs- 
fonnants in substantial accordance with the procedure of 
Example 3. A restriction site and function map of plasmid 
pB W32 is presented in EEG. 14 of the accompanying draw- 
ings. 

EXAMPLE 11 

Construction of Plasmids pLPChdl, pLPChd2, 
IPCdhfrl and LPCdhfi2 

A. Construction of Plasmids pUPChdl and pLPChd2 
About 20 ug of plasmid pBW32 in 20 ul of TE buffer were 
added to 10 pi of lOx BamHI buffer and €0 of H 2 0. About 
10 ul (-50 units) of restriction enzyme BamHI were added 
to the solution of plasmid pBW32 DNA, and the resulting 
reaction was incubated at 37° C for two hours. The BamE El- 
digested plasmid pBW32 DNA was precipitated with 
ethanol, collected by centrifugatioii. andresuspendedin 5 ul 
of lOx Klenow buffer, 45 ul of H 2 0. and 2 ul (-100 unto) 
of Klenow enzyme. The reaction was incubated at 16° C i or 
30 minutes; then, the reaction mixture was loaded onto in 
agarose gel and electrophoresed una! the digestion products 
were clearly separated. The -1.9 ib Klenow-treated, BamJH 
restriction fragment of plasmid pBW32 that comprises tie 
dhfr gene was isolated from the gel and prepared for ligation 
in substantial accordance with the procedure of Example 
4A. About 4 ug of the desired fragment were obtained and 
suspended in 5 ul of TE buffer. 

About 200 ug of plasmid pLPChygl in 100 ul ofTE buffer 
were added to 15 ulof lOx EcoRI buffer and 30 ulof B»0. 
About 5 ul (-50 units) of restriction enzyme EcoRI were 
added to the solution of plasmid pLPChygl DNA, and the 
resulting reaction Was incubated at 37° C for about 10 
minutes. The short reaction time was calculated to produce 
a partial EcoRI digestion. Plasmid pLPChygl has two 
EcoRI restriction sites, one of which is within the codrig 
sequence of the hygrornycin resistance- conferring (HmR.) 
gene, and it was desired to insert the dhfr-gene-contaMag 
restriction fragment into the EcoRI site of plasmid 
pLPChyg 1 that is not in the HmR gene. The partially-Eco! Un- 
digested plasmid pLPChygl DNA was loaded onto an 
agarose gel and electrophoresed until the singly-cut plasmid 
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pLPChygi DNA was separated from uncut plasmid DNA 
and the other digestion products. The singly-cut DNA was 
isolated from the gel and prepared for ligation in substantial 
accordance with the procedure of Example 4A. About 2 ug 
of the singly-EcoR^cut plasmid pLPChygi were obtained 
and suspended in 25 ul of TE buffer. To this sample, about 
5 ul (-23 units) of Klenow enzyme, 5 ul of 10x Klenow 
buffet; and 40 ul of HjO were added, and the resulting 
reaction was incubated at 16° C for 60 minutes. The 
Klenow-treated, partiaEy-EcoRI-digested DNA was men 
extracted twice with phenol and men once with chloroform, 
precipitated with ethanol, and re suspended in 25 pi of TE 
buffer. 

About 5 pi of the -1.9 Job Klenow-treated BamHI restric- 
tion fragment of plasmid pBW32 and about 5 ul of the 
smgly-EcoRI-cut plasmid pLPChygi DNA were mixed 
together, and 1 ul of 10x ligase buffet; 5 ul of HA 1 ul 
(-500 units) of T4 DNA Egase, and 1 ul (-2 units) of T4 
RNA ligase were added to the mixture of DNA, and the 
resulting reaction was incubated at 16° C overnight The 
ligated DNA constituted the desired plasmids pLPChdl and 
pLPChd2, which differ only with respect to the orientatiott 
of the -L9 Itib fragment that comprises the dhfr gene. 

The ligated DNA was used to transform £ coli K12 
HB101 cells made competent for transformation in substan- 
tial accordance with the procedure of Example Z The 
transformed cells were plated onto L agar co ntainin g 100 
ug/ml ampidQlin, and the ampic£I3in-resistant transfcrmants 
were analyzed by restriction enzyme analysis of their plas- 
mid DNA to identify the & coli K12 HBlOl/pUPChdl and 
E. coli K12 HB101/pLPChd2 transformats. Arestrictiott site 
and function map of plasmid pLPChdl is presented in FIG. 
15 of the accompanying drawings. Plasmid pLPChdl and 
plasmid pLPChd2 DNA were isolated from the appropriate 
transf ormants in substantial accordance with the procedure 
of Example 3. 

Plasmids pLPChd3 and pLPChd4 are similar in structure 
to plasmids pLPChdl andpLPChdZ Plasmids pLPChd3 and 
pLPChd4 are constructed in substantial accordance with the 
procedure used to construct plasmids pLPChdl and 
pLPChd2 t except plasmid pLPChyg2 is used as starting 
material in the procedure rather than plasmid pLPChygi. 
B. Construction of Plasmids pLPCdhfrl and pLPCdhfr2 

About 100 ug of plasmid pBW32 in 100 ul of TE buffer 
were added to 15 ul of lOx BamHI buffer and 25 ul of H 2 0. 
About 10 ul (-25 units) of restriction enzyme BamHI were 
added to the solution of plasmid pBW32 DNA* and the 
resulting reaction was incubated at 37° C for 2 hours. The 
Bamffl-digested plasmid pBW32 DNA was treated with 
Klenow in substantial accordance with the procedure in 
Example 11A. The blunt-ended fragment was precipitated 
with ethanol, resuspended in 10 ul of TE buffer, loaded onto 
an agarose gel, and electrophoresednntil the -1.9 Kb BamHI 
restriction fragment that comprises the dihydrof olate reduc- 
tase gene was separated from the other digestion products. 
The -L9 kb restriction fragment was then isolated from the 
gel and prepared for ligation in substantial accordance with 
the procedure of Example 4A; about 10 ug of me desked 
fragment were obtained and suspended in 50 ul of TE buffer. 

About 5 ul of Ndel-Stol-digested plasmid pLPC DNA, as 
prepared in Example 9, were added to 5 ul of the Klenow- 
treated, -1.9 kb BamHI restriction fragment of plasmid 
pBW32, 1 .5 ul of lGx ligase buffer, 1 ul (-1000 units) of T4 
DNA ligase, 1 ul (-2 units) of T4 RNAiigasc, and LS pi of 
BjO. The resulting ligation reaction was incubated at 16° C 
overnight; the ligated DNA constituted the desired plasmids 
pLPCdhfrl and pUPCdhfr2> which differ only with respect 
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to the orientation of the -1.9 kb fragment that contains the 
dhir gene. The ligated DNA was used to transform £ caEi" 
K12 HB101 in substantial accordance with the procedure of 
Example 2. The transformed ceils were plated onto L agar 
containing ampfdUin, and the arqricillin-iesistant & cofi 
K12 HB101£LPCtfhM and£ coli X12 HB101^LPCdhfe2 
transfonnants were identified by restriction enzyme analysis 
of their piasmid DNA. 

EXAMPLE 12 

Construction of Piasmid phd 

To construct piasmid phd, it was necessary to prepare (be 
piasmid pLPChdl DNA, used as starting material in the 
construction of piasmid phd, ftont K cali host cdb that lace 
an adenine methyiase, such as that encoded by the dam genet, 
the product of which methylates the adenine residue in the 
sequence 5-GATC-3' EL coli K12 GM48 (NRRL B- 15725) 
lades a functional dam methyiase and so is a suitable host to 
use for the purpose of preparing piasmid pLPChdl DNA for 
use as starting material in the construction of piasmid phd. 

£ coli K12 GM48 cells were cultured and made compe- 
tent for transformation, and piasmid pLPChygl was used to 
transform the E. coli K12 GM48 cells in substantial accor- 
dance with the procedure of Example 2. The transformed 
ceils were plated on L agar containing arrmitiQin, and once 
the ampiaThVrcsistant, E. coli K12 GM4S£LPChdl trans- 
fonnants had formed colonies, one such colony was used to 
prepare piasmid pLPChdl DNA in substantial accordance 
with the procedure of Example 3. About 1 mg of piasmid 
pLPChdl DNA was obtained and suspended in about 1 ml 
of TE buffer. 

About 2 ug of piasmidpLPChdl DNAin 2ul of TE buffer 
were added to 2 ul of lOx Bell buffer (750 mM KO; 60 mM 
Tris-HO, pH=7.4; 100 mM MgC^; 10 mM DTT and I 
mg/ml BSA) and 14 ul of About 2 ul (-10 units) of 
restriction enzyme BcU were added to the solution of 
piasmid pLPChdl DNA, and the resulting reaction wan 
incubated at 50° C for two hours. The reaction was stopped 
by extracting the mixture once with phenol and twice with 
chloroform. 

About 1 ul of the Bell-digested piasmid pLPChdl DNA 
was added to 1 ul of lOx fcgasc buffer, 8 ul of E^O and 1 nil 
(-500 units) of T4 DNA Hgase. The ligation reaction was; 
incubated at 16° C overnight, and the ligated DNA consti- 
tuted the desired piasmid phd. Piasmid phd results from the: 
deletion of the extra BcH linkers that attached during the 
construction of piasmid pLPcat and the two adjacent BcU 
restriction fragments of a total size of about 1.45 kb from 
piasmid pLPChdl. A restriction site and function map of 
piasmid phd is presented in HG. 16 of the accompanying 
drawings. Piasmid phd facilitates the expression of any 
DNA sequence from the BK virus enlianccr-adenoviras late 
promoter of the present invention, because the DNA to be 
expressed can be readily inserted in the correct position for 
expression at the single BcU site on piasmid phd. 

The ligated DNA was used to transform £ coU K12 
GM4S in substantial accordance with the procedure of 
Example Z The transformed cells were plated on L agar 
containing ampicHlin, and the ampirilKn-resistant E* coli 
K12 GM48/phd transfcrmants were identified by restriction 
enzyme analysis of their piasmid DNA. 

Ptasrmds analogous to piasmid phd can be constructed in 
substantial accordance with the foregoing procedure for 
constructing piasmid phd using any of plasmids pLPChd2, 
pLPChd3, or pLPChd4 as starting material rather than 
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plasxxM pLPChdl. These analagous plasmids differ from 
plasmid phd only with respect to the orientation of the 
hygromycin resistance-cosfexxii^ and/or dhfr genes* 

EXAMPLE 13 

Construction of Plasmid pLPCElA 

To isolate the E1A gene of adenovirus 2 DNA, about 20 
ug of adenovirus 2 DNA (from BRL) were dissolved in 10 
ul of 10x Ball buffer (100 mM Tris-HO, pH=7,6; 120 mM 
MgCL^ 100 mM 2-meroaptoethanol; and 1 mg/ml BSA) and 
80 ul of HjO. About 10 ul (about 20 units) of restriction 
enzyme Ball were added to the solution of adenovirus 2 
DNA, and the resulting reaction was incubated at 37° C for 
two hours. The Ball-digested DNA was loaded onto an 
agarose gel and electrophoresed until the -1.3 kb restriction 
fragment that comprises the E1A gene was separated from 
the other digestion products. The -1.8 kb fragment was 
isolated from the gel and prepared for ligation in substantial 
accordance with the procedure of Example 4A. About 3 ug 
of the desired fragment was obtained and suspended in 20 ul 
of TE buffer. 

About 5 ug of plasmid pLPC in 5 ul of IE buffer were 
added to 2 |il of lOx StuI buffer and 11 ul of H 2 0. About 2 
ul (-10 units) of restriction enzyme StuI were added to the 
solution of plasmid pLPC and the resulting reaction was 
incubated at 37° C for 2 hours. The StuWigested plasmid 
pLPC DNA was precipitated with ethane! and resuspended 
in 2 ul of 10x Ndel buffer and 1 6 ul of HjO. About 2 ul (- 1 0 
units) of restriction enzyme Ndel were added to the solution 
of Stul-digested plasmid pLPC DNA and the resulting 
reaction was incubated at 37° C for 2 hours. 

The Ndel^tuT-digested plasmid pLPC DNA was precipi- 
tated with ethanol and resuspended in 5 ul of lOx Klenow 
buffer and 42 ul of HjO. About 3 ul (~<5 units) of Klenow 
enzyme were added to the solution of DNA and the result- 
ing reaction was incubated at 37° C for 30 minutes. The 
reaction mixture was then loaded onto an agarose gel and 
electrophoresed until the -5.82 kb, Klenow-treated, Ndel- 
StuI restriction fragment was clearly separated from the 
other reaction products. Hie fragment was isolated from the 
gel and prepared for ligation in substantial accordance with 
the procedure of Example 4A About 2 ug of the -5.32 kb, 
Klenow-treated, Ndel-StuI restriction fragment of plasmid 
pLPC were obtained and suspended in 25 ul of TE buffer. 

About 9 ul of the -1.3 kb Bali restriction fragment of 
adenovirus 2 that encodes the E1A gene and 3 ul of the -5.82 
ldb, Klenow-treated, Ndel-StuI restriction fragment of plas- 
mid pLPC were added to 2 ul of lOx ligase buffer and 4 ul 
of HjO. About 1 ul (-500 units) of T4 DNA ligase and 1 ul 
(-2 units) of T4 KNA ligase were added to the solution of 
DNA, and the resulting reaction was incubated at 16° C 
overnight 

The ligated DNA constituted the desired plasmids 
pLPCElA and pLPCElAl, which differ with respect to the 
orientation of the ETA gene and possibly differ with respect 
to the expression-cahaiidng effect the BK enhancer has on 
the ElA gene on the plasmid. Because the E1A promoter is 
located closer to the BK *nhiiwr*r on plasmid pLPCElA 
than plasmid pLPCElAl, ElA expression may be higher 
when plasmid pLPCElA is used as opposed to plasmid 
pLPCElAl. A restriction site and function map of plasmid 
pLPCElA is presented in FIG. 17 of the accompanying 
drawings. 

The ligated DNA was used to transform R coli K12 
HB101 in substantial accordance with the procedure of 
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Example 2. The transformed cells were plated oia L aga 
containing ampiefflin, and the ampidHin-iesistant transfer 
inants were screened by restriction enzyme analyst* of thei* 
plasmid DNA to identify the & caU KX2 HBlOl/plLPCELA 
and K coli K12 HBlOl/pLPCElAi transfonnants. Plasmid 
DNA was obtained from the transformants for use in later 
experiments in substantial accordance with the procedure of 
Example 3. 

EXAMPLE 14 
Construction of Plasmid pBIX 

About 1 ug of plasmid pBW32 DNA (FIG, 14, ISxample 
10) in 1 ui of TE buffer was added to 2 ul of lOx BamHl 
buffer and 15 ul of Sp. About2 ul (-10 units) of reaction 
BamHI were added to the solution of plasmid 
PBW32 DNA, and the resulting reaction was incubated at 
37 C for 2 hours. Toe reaction was stopped by first 
extracting the reaction mixture with phenol and then extract- 
tag the reaction mixture twice with chloroform. About 1 ul 
of the BamHI-digested plasmid pBW32 DNA was aided to 
1 ul of 10x ligase buffer and 8 ul of HA and after about 1 
ul (-500 units) of T4 DNAHgase was added to the solution 
of DNA, the resulting reaction was faqifeatcd at 16° C 
overnight 

The Hgated DNA constituted the desixed plasmid 
pBW32dd, which is about 5.6 ib in size and comprises a 
angle Hmdffi restriction site. The ligated DNA was used to 
transform £1 cotf K12HB101 in substantial accordant with 
the procedure of Example 2. The desired K call K12 
HB101j5pBW32del transformants were identified by their 
aanpidUin-resistant resistant phenotype and by restriction 
enzyme analysis of their plasmid DNA Plasmid pBW32dei 
DNA was obtained from the transformants for use in sub- 
sequent constructions in substantial accordance with the 
procedure of Example 3. 

About 1 ug of plasmid pBW32del in 1 ul ofTE buffer was 
added to 2 ul of lOx HindTEC buffer and 15 ul of H^O. . About 
2 ul (-10 units) of restriction enzyme HindHT were added to 
the solution of plasmid pBW32del DNA, and the resulting 
reaction was incubated at 37° C for 2 hours. The sample was 
diluted to 100 ul with TE buffer and treated wim calf- 
intestinal alkaline phosphatase in substantial accordance 
with the procedure described in Example 2. The reaction 
was extracted twice with phenol then once with chloroform. 
The ffindm-digested plasmid pBW32del DNA was then 
precipitated with ethanol and resuspended in 10 ul of H 2 0. 

PlasmidpBai8cat (Example 17) was digested with restrict 
Uon enzyme ffindm. and the -0.65 kb Hindm restriction 
fragment that comprises the modified BK enhancer- 
adenovirus 2 late promoter cassette was isolated and pre- 
pared for ligation in substantial accordance with the proce- 
dure of Example 5. About 0.1 pg of the -0.65 *b Hindm 
restriction fragment of plasmid pBalScat in 5 ul of TE buffer 
was added to 3 ul of the solution of HindllWigested plasmid 
pBW32deL About 1 ul (-500 units) of T4 DNA ligase and 
I ul of lOx ligase buffer were added to the mixture of DNA, 
and the resulting reaction was incubated at 16° C overnight 
The ligated DNA constituted the desired plasmid pBLT. A 
restriction site and function map of plasmid pBLT is pre- 
sented in FIG. 13 of the accompanying drawings. The 
Hgated DNA was used to transform £ coU K12 HB1C1 in 
substantial accordance with the procedure of Example 2. 
The transformed cells were plated on L agar containing 
axnpicalliiu and the ampicillin-resistant & coli K12 HB 101/ 
pBLT transformants were identified by restriction enzpme 
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analysis of their plasmid DNA. Because (he -0.65 li 
HindTCC restriction fragment could insert into HindHI- 
digested plasmid pBW32del in either one of two 
orientations, only one of which yields plasmid pBIX the 
orientation of the -0.65 kb Kf ndlTT restriction fragment had 
to be determined to identify the M. coll K12 HBlOlifcBLT 
rransfcrmants, Plasmid pBIX DNA was prepared from the 
transfesmants for use in subsequent constructions in sub- 
stantial accordance with the procedure of Example 3. 

EXAMPLE 15 

Construction of Plasmids pBIThygl, pBIXhygk 
pBITdhfrl, and pBLTdhfr2 

A. Construction, of Haamids pBLThygl and pBIXhyg£J 

About 4 ug of plasmid pBLT DNA in 4 ul of TE buffer 
were added to 2 ul of lOx BamKI buffer and 12. of H^O. 
About 2 ul (-10 units) of restriction enzyme BamHX wen; 
added to the solution of plasmid pBIX DNA, and the 
resulting reaction was incubated at 37° C for 2 hours. The: 
reaction was stopped by extracting the reaction mixture first 
with phenol and then with chloroform. The BamKI-digcsted 
plasmid pBLX DNA was then precipitated with ewanol and. 
resuspended in 2 ul of TE buffer. 

About 10 ug of plasmid pSV2hyg in 10 ul of IE buffer 
were added to 10 ul of lOx BamHI buffer and 75 ul of HnO. 
About 5 ul (-25 units) of restriction enzyme BamHX were 
added to the solution of plasmid pSV2hyg DNA* and the 
resulting reaction was incubated at 37° C for 2 hours. The 
BamHI-digcstcd plasmid pSV2hyg DNA was precipitated 
with ethanoL resuspended in 10 ul of TE buffer, loaded onto 
an agarose gel, and electrophoresed unul the -2.5 fcb BamHI 
restriction fragment that comprises the hygromycin 
resistance-conferring gene was separated from the other 
digestion products. The -15 fcb restriction fragment was 
men isolated from the gel and prepared for ligation in 
substantial accordance with the procedure of Example 4 A; 
about 2 ug of the desired fragment were obtained and 
suspended in 10 ul of TE buffer. 

About 2 pi of the BamHI-digested plasmid pBU DNA 
and 1 ul of the -23 ib BamHX restriction fragment of 
plasmid pSV2hyg were added to 1 nl of lOx ligase buffer, 5 
ul of Kfl, and 1 ul (-500 units) of T4 DNAligase, and the 
resulting reaction was incubated at 16? C overnight. The 
Hgated DNA constituted the desired plasmids pBLThygl 
and pBIThyg2. A restriction' site' and function map of 
plasmid pBLThygl is presented in FIG. 19 of the accom- 
panying drawings. Plasmids pBLThygl and pBLThyg2 dif- 
fer only withrespect to the orientation of the ~Z5 JrBBamHI 
restriction fragment that encodes the hygromycin resistance- 
conferring gene. 

The Hgated DNA was used to transform £ coli K12 
HB101 in substantial accordance with the procedure of 
Example 2* The transformed cells were plated onto L agar 
containing ampicillin* and the ampicillin-resistant 2T. coli 
K12 HBlOl/pBLThygl and £ coli K12 HB101/pBLXhyg2 
transformants were identified by restriction enzyme analysis 
of their plasmid DNA. 

B. Construction of Plasmids pBIXdhfrl and pBlXdhfr2 

About 100 ug of plasmid pBW32 in 100 ul of TE buffer 
were added to 15 ui of 10x BamHI buffer and 25 ul of H a O. 
About 10 ul (-50 units) of restriction enzyme BamHI were 
added to the solution of plasmid pBW32 DNA* and the 
resulting reaction was incubated at 37* C far 2 hours. The 
BamHI-digested plasmid pBW32 DNA was precipitated 
with ethanoL resuspended in 10 ul of TE buffer, loaded onto 
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an agarose gd, and dectropharescd until the ~L9 kb BamHI 
restriction fragment that comprises- die dihydrofolatc reduc- 
tase gene was separated from the other digestion products. 
The ~L9 kh restriction fragment was then isolated from the 
gel and prepared for ligation in substantial accordance with 
the procedure of Example 4A; about 10 fig of the desired 
fragment were obtained and suspendedin 50 pi of TE buffer. 

About 2 pi of the BarnHI-digcsted plasmid pBCT DNA 
prepared in Example 15Aand 1 pi of the -1.9 kb BamHI 
restriction fragment of plasmid pBW32 were added to 1 pi 
of lOx ligase buffer, 5 pi of and 1 pi (-500 units) of 
T4 DNA ligase, and the resulting reaction was incubated at 
16° C overnight The ligated DNA constituted the <iesired 
plasmids pBIXdhfrl and pBUdhfr2. A restriction site and 
ftmction map of plasmid pBLTdhfrl presented in HG. 20 of 
the accompanying drawings. Plasmids pBIXdhfil and 
pBLTdhfr2 differ only with respect to the orientation of the 
-1.9 Id) BamHI restriction fragment that encodes the dhfr 
gene. 

The ligated DNA was used to transform E. co/1 KI2 
HB101 in substantial accordance with the procedure of 
Example 2. The transformed cells were plated onto L agar 
containing am piemiTt t and the ampicillxn-resistant & coli 
K12 HBlOlpBITdhfrl and E. coli K12 HB102/pBi;rdfafx2 
' transfocmasts were identified by restriction enzyme analysis 
of their plasmid DNA. 

* EXAMPLE 16 

Construction of Plasmids phdTPA and phdAfTPA 

A. Construction of Intermediate Plasmid pTPA602 
About 50 pg of plasmid pTPA103 (Example 10, FIG. 14) 
in 45 pi of gfcss-distilled H^O were added to 30 pi of 10x 
EcoRI buffer and 225 pi of H 2 0. About 10 pi (-80 unite) of 
restriction enzyme EcoRI were added to the solution of 
plasmid pTPA103 DNA, and the resulting reaction was 
incubated at 37° C for 90 minutes. The EcoRI-digested 
plasmid pTEA103 DNA was precqntated with ettaial, 
resuspended in 50 pi of Ix loading buffer (10% glycerol and 
0.02% bromophenol blue), loaded onto an agarose gel, and 
electrophoresed until the -1.1 fcb EcoRI restriction frajmient 
was separated from the other reaction products. The -1.1 kb 
EcoRI restriction fragment mat comprises the TPA amino- 
tenranal-cncoding DNA and was isolated from the £;ei by 
electrophoresing the fragment into a dialysis bag. The frag- 
ment was then precipitated with ethanol and resuspended in 
160plofHjO. 

About 40 pi of 10x Hgal buffer (0.5M Nad; 60 mM 
Tris-Hd, pH=7.4; and 0.1 M MgCy, 200 pi of 'glass- 
cfistiUed R^O, and 20 pi (about 10 units) of restriction 
enzyme Hgal were added to the solution of -1.1 leb EcoRI 
restriction fragment; and the resulting reaction was incu- 
bated at 37° C for 4 hours. The Hgal-digested DNA was 
precipitated with ethanol and men electrophoresed on a 5% 
acryiamide gel, and the -520 bp restriction fragment that 
encodes the amino terminus of TEA was isolated onto DE31 
paper and recovered. About 5 pg of the -520 bp Hgal 
fragment were obtained and suspended in SO pi of H :: 0. 

About 12J pi of lOx Klenow buffer (0.5M Tris-HO, 
pB=7,4, and 0*1 M MgCLj), 2 pi of a solution that was 605 
mM in each of the four deoxynucleotide triphosphates, 2 pi 
ofO^M DTT, 1 pi of 7 pg/miBSA, 57.5 pi of glass-distilled 
H 2 0, and 2 fii (-10 units) of Klenow enzyme (Boehriagcr- 
Mannheim Biochemicals, 7941 Castleway Dn, P.O. Box 
508 16, Indianapolis, Ind. 46250) were added to the solution 
of the -520 bp Hgal restriction fragment, and the resulting 
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reaction was incubated at 20° C for 30 minutes. Hie 
Klenow-treated DNA was incubated at 70° C for 15 minutes 
and precipitated with ethanoL 

About 500 picomoies of BamHI linker (5'- 
CGGGATCCCG-3\ double-stranded and obtained from 
New England Biolabs) were phosphorylated using poly- 
nucleotide kinase in a total reaction volume of 25 uL The 
reaction was carded out in substantial accordance with the 
procedure described in Example 6 A. The kxnased BamEU 
linkers were added to the solution of Klenow-treated, -520 
bp Egal restriction fragment together with 15 pi of lOx 
Kgase buffer, 7 pi (-7 Weiss units) of T4 DNA Hgase, and 
enough glass-distilled RjO to bring the reaction volume 10 
150 pL The resulting reaction was incubated at 16° C 
overnight. 

The ligation reaction was heat-inactivated, and the DNA. 
was precipitated with ethanol andresuspended in 5 pi of lCx 
BamHI buffer and 45 pi of HjO; About 1 pi (-16 units) of 
restriction enzyme BamHI was added to the solution of 
DNA, and the resulting reaction was incubated at 37° C for 
90 minutes. Then, another 16 units of BamHI enzyme ware 
added to the reaction mixture, and the reaction was incu- 
bated at 57° C for another 90 minutes. The reaction mixture 
was then electrophoresed ona53> polyacryiamide gel, arid 
the -530 bp H^lC restriction fragment, now with BamHI 
ends, was purified from the gel in substantial accordance 
with the procedure of Example 6A About 2 pg of the desired 
fragment were obtained and suspended in 20 pi of H 2 0. 

BazsHI-digested, dephosphorylated plasmid pBR322 
DNA can be obtained from New EnglandBiolabs. About 0,1 
pg of BamHI-digested, dephosphorylated plasmid pBR3?2 
in 2 pi of HsO was added to 1 pi of the -530 bp Hgal 
restriction fragment, with BamHI ends, of plasmid 
pTPA103, 14 ul of HjO, and 1 pi (-1 Weiss unit) of T4 DNA 
ligase, and the resulting reaction was incubated at 16° C. 
overnight The ligated DNA constituted the desired plasmid 
pTPA602 and an equivalent plasmid designated pTPA601 t 
which differs from plasmid pTPA602 only with respect to 
the orientation of the inserted, -530 bp restriction fragment 
A restriction site and function map of plasmid pTR\6"G2 is 
presented in FIG. 21 of the accompanying drawings. 

The ligated DNA was used to transform E. call £Q2 
MM294 in substantial accordance with the procedure of 
Example 2, except that 50 mM Cadj was used in die 
procedure. The transformed cells were plated on L agar 
containing *mpfeflKn T and the ampirillin-rcsistant E. coli 
K12 MM294/pTPA602 and E. ceU K12 MM294/pTPA601 
cells were identified by restriction enzyme analysis' of thtsir 
plasmid DNA Presence of an -530 bp BamHI restriction 
fragment indicated mat the plasmid was either pTPA602 or 
plasmid pTPAfiOl. 

B. Construction of Intermediate Plasmid pT?A603 

About 5 pg of plasmid pTPA602 were dissolved in 20 pi 
of lOx B giH and 180 pi of H^O. About 3 pi (-24 units) of 
restriction enzyme BgHI were added to the solution of 
plasmid pTPAd02 DNA, and the resulting reaction was 
incubated at 37° C for 90 minutes. Then, -13 pi of 10* 
BamHI buffer were added to the reaction mixture to bring 
the salt concentration of the reaction mixture up to th at 
recommended for Sail digestion, and 2 pi (-20 units) of 
restriction enzyme Sail were added to the reaction. The 
reaction was incubated at 37° C for another 2 hours; men, 
the DNA was predated with ethanol, resuspended in 75 pi 
of loading buffer, loaded onto an agarose gel, and elecixc- 
phoresed until the -4.2 &> BgQI-Sall restriction fragme nt 
was separated from the other digestion products. The region 
of the gel containing the -4.2 kb BgJU-SaH restriction 
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fragment was excised from the gel, frozen, and the frozen 
segment was wrapped in plastic and squeezed to remove the 
-42 kb fragment The DNA was precipitated and lesus- 
pended in 20 pi of BJO; about 200 nanograms of the desired 
fragment were obtained. 

About 12 jig of plasmidpTPAKS were dissolved in 15 pi 
of lOxBg^bufferand 135 pi of H 2 O.About2pl(-16jamts) 
of restriction enzyme BglH were added to the solution of 
plasmid pTPAl03 DNA, and the resulting reaction, was 
incubated at 37° C for 90 minutes. About 10 pi of lOx 
BamHI buffer were added to the solution of BgOI-digested 
pUsmidpTEA.103 DNA to bring the salt concentration of the 
reaction mixture up to that required for Sail digestion. Then, 
about 2 ul (-20 units) of restriction enzyme Sail were Jidded 
to the solution of BgUI-digested plasmid pTPA103 DNA, 
and the reaction was incubated at 37° C for another 90 
Tt^nt^ The Bgjn-SaH digested plasmid pTPA103 DNA 
was concentrated by ethanol precipitation and then loaded 
onto an agarose gel, and the -2.05 ib BgM-SaH restriction 
fragment that encodes all but the ainino-texminus cdfTPA 
was isolated from the gel, precipitated with ethanol and 
resuspended in 20 pi of £^0. About 2 pg of the desired 
fragment were obtained. 

About 5 ul of the -4.2 Id) BgBI-SaE restriction fragment 
of plasmid pTPA602 and 2 ul of the -2.05 Ifb Bgfll-SaH 
restriction fragment of plasmid pTPAlOS were added l» 2 ul 
of lOx ligase buffer; 10 ul of -H 2 0 20, and 1 pi (-1 Weiss 
unit) of T4 DNA ligase, and the resulting ligation reaction 
was incubated at 16° C overnight The ligated DNA con- 
stituted the desired plasmid pTPA603. Aresttiction site and 
function ip « p of plasmid pTPA6Q3 is presented in FIG.. 22 of 
the accompanying drawings. 

The ligated DNA was used to transform E. colt K12 
MM294 in substantial accordance with the procedure of 
Example % except that 50 mM CaOj was used in the 
procedure. The transformed cells were plated on I- agar 
containing ampicillin, and the ampicillin-resistant 2?. coli 
K12 MM294^)TPA603 transformants were identified by 
restriction enzyme analysis of their plasmid DNA. 
C. Construction of Plasmid pMIPA603 

About 100 pg of plasmid pBLT (Example 14, FIG. IS) in 
100 ul of TB buffer were added to 10 pi of 10* SstI (Sstl is 
equivalent to restriction enzyme SacI) buffer (60 mM Tris- 
HGL pH=7.4; 60 mM MgC^; 60 mM 2-mercaptoethanol; 
and 1 mg/mlBSA) and 25 pi of ^0. About 10 pi (-50 units) 
of restriction enzyme SstC were added to the solution of 
plasmid pBTX DNA, and the resulting reaction was; incu- 
bated at 37° C for 2 hours. The Sstl-digested plasmid pBIT 
DNA was precipitated with ethanol and resuspended La 10 pi 
of lOx BgDDC buffer and 85 pi of HaO. About5 pi (-50 units) 
of restriction enzyme BgQI were added to the solution of 
Sstl-digested plasmid pBIT DNA, and the resulting paction 
was incubated at 37° C for 2 hours. 

The BglH-5s£t-digestcd plasmid pBLT DNA was precipi- 
tated with ethanol, resuspended in 10 pi of E^O, loaded onto 
an agarose gel, electrophoresed, and the -690 bp BgiH-Sstl 
restriction fragment, which contains that portion of the 
modified TPA coding sequence wherein the deletion to get 
the modified TPA coding squence has occurred, of plasmid 
pBLT was isolated from the gel in substantial accordance 
with the procedure of Example 4A. About 5 pgof the desired 
-690 bp BgHI-SstI restriction fragment of plasmid pBUT 
was obtained and suspended in 100 pi of H 3 0. 

About 5 pg of plasmid pTPA603 (Example 16B. HG. 22) 
in5 pi of TE buffer were added to 10 pi of lOx Sstl buffer 
and 95 pi of H 2 0. About 5 pi (-50 units) of restriction 
enzyme Sstl were added to the solution of plasmid pTPA603 



DNA, andthe resulting reaction was incubated at 37* C for 
2toun The Sstl-digested plasmid pTPA^ DNa JL 
Plated with ethanol and ^suspended in 10 d of IS 

"JT 6 BgflI wcrs to the solution of 
g^«ted pla^d I pTPAcXB DNA, and the reSing 
reaction was incubated at 37" C for 2 hours. The Brin! 
J^ff?* 1 ^*™"* 0 DNA was diluted to 100 5 
i™*** «d treated with calf-intestinal aflcaliaVpYoS 

SiSS^ «"»•* - 

„-^ 00 ? 5 Ji * 816 BgntSsfl-digested plasmid pTPA603 
£££ of fte -(590 bp Bgm-SstlrestrLoa CJ 

I^'^j Ml (-1000 units) of x* DNAHgase.Ind the 
««tong Ugationreactton was incubated at 16' C oWnfeht 

^raA603. HasnudpMrB\603 is thus analogous! «£! 
^toptoad PTBV603 (FIG. 22), except tot plaSd 
gfl^^eodesrnodifiedTBA, and plasmid S 

The iigated DNA was used to transform £ «fi ST' 

S^t^* 8 * 68 Procedure o 

Example 2. The transformed cells were Dialed on T IZl 

2J£ W * IOB * S[B traasfonnants were identify 
restaction enzyme analysis of their plasmid DNA. 
u. Construction of Hasmid phdXPA 

About 10 jtg of plasmid pTPA603 (Example 16B FIG 
22)m 10 fil of TE ch^w^ added to loTof lO^'amm 

3^ £^ Kacdoa was Abated at 

nvff 2h ^ Thc BamHI-digested plasmid pTPA603 
was preapitated with ethanol, rcsuspendediri Sdrf 

£ £ 5J2 B^m S d «*°Pb<*«ed until 

™. . » BamHI wstnehon fragment that encodes TPA 

S ftS^J 0 * ^ products. Xte -lS 

kb Barr^restnc&nfragmew was isola^ from theld and 
W«fedin50 ulofTB buffer, abo 0 t4 pg 52£fi 
fragment were obtained. aesreu 

* P^PW (Example 12, HG. 16)^2^1 
°f ™ b jf «• were added to 2 ulof 10x Bell buffer and 14 

S252^"? 2 ( " 10 UDi,S) ofrcstricti °» cnzymeBca 
S^flS 1116 S ° I ^ ti0n 01 PM DNA, Md me 

r^utong reaction was incubated at 50« C for 2 hours. The 
"action was stopped by extracting the reaction mixture first 
w^pheaol and then twice with cUorcfcra. T^TbS 
*g«ted plasmid phd DNA was men precipitated wfth 
eth f?° 1 aDd xesuspended in 20 |d of TE buffer. 
n^Ton* BdM »«« Plasmid phd and 2 ul of 
^ BajnHI restriction fragment of plasmS 
K 7T, «*" *» * «* ligase bufferfiTof 
SS™ liS^ 500 UBits) o£ T4 DNAligase. The msutong 
hgaton reacuon was incubated at 16" C overnight. Thf 
hgated DNA constituted the desired plasmid rAoTPA. A 
restriction site and function map of^lS i 
J»f«nted in FIG. 23 of the accompanying drawCs 

The ligated DNA was used to transform £ coli Kll 
B^lOl (NRRLB-15626) in substantial accordance wittuhe 
procedure of Example 1 The transformation mixture was 
plated on L agar attaining ampidllin, and the ampicfllin- 
«smant£ «ZiK12HB10iyphaTPAcellswcreicStifiedby 
restnction enzyme analysis. The -1.90M} Bamffl restriction 
Cagment could insert into BcH-digested plasmid phd in 
either one of two orientations, only one of which r \ n< ri the 
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TPA coding sequence in the proper position to be emessed 
under the control of the BK JiwM OatcTo- 
n^cassette and thus results in the desired plasimd 

E Construction of Plasmid phdMTPA 

£< ^^^ ea ^tol0ui of lOxBamHI buffer and 

ESF addcd t0 me of plasmid pMIPA6Q3 

UNA, and the resulting reaction was incubated at 37° C for 
2 hours. The BarnHI-digested plasmid pMTPA6G3 UNA * 
was precipitated with emano^resuspendedin 10 ul of H,0 
loaded onto an agarose gel, and electrophorcsed imnlthc 
-135 Kb BamHI restriction fragment that encodes modified 
IPA was separated from the other digestion products. The 
-135 Jcb BamHI restriction fragment was isolated from the 
gel and resuspendedin 20 ul of TE buffer; about 4 tig of the 
desired fragment were obtained. 

About 1 ul of the Bell-digested plasmid phd prepared in 
Bumple 16D and 2 ul of the -135 kb BamHI restriction 
fragment of plasmid pMXPA603 were added to 1 ul of 10x 
hgase buffer, 5 ul of Kfl t and 1 ul (-500 units) of T4 DNA 
ngasc. The resulting ligation reaction was incubated at 16° 
C overnight The Hgated DNA constituted the desired 
&aswi& phdMTIPA. A restriction site and function map of 
plasmid phdMTPA is presented in HQ 24 of the accompa- 
nying drawings. 

The Egated DNA was used to transform & coti K12 
HB101 in substantial accordance with the procedure of 
Example Z The transformation mixture was plated on L agar 
containing ampidllin, and the ampiefflin-rcsistant E. coli 
K12 HBlOl/phdMTOA cells were identified by restriction 
enzyme analysis of their plasmid DNA. The -135 ib 
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BamiH restriction fragment could insert into BGEX-digested 
plasmid phd in either one of two orientations, o nly one of 
which places the TPA coding sequence in the proper position 
to be expressed under the control of the BK enhancer- 
adenovirus late promoter and thus results in the desired 
plasmid phdMTPA. 

EXAMPLE 17 

Construction of an improved BK Enhancgr- 
Adenovirus Late Promoter Cassette 

The transcr^txon-enhandng effect of the BBl enhancer 
can be significantly increased by placing the engineer from 
0 to 300 nucleotides upstream of the 5* end of the CAAT 
region or CAAT region equivalent of an adjacent cukaryotic 
promoter. The sequence and functional elements of the 
present BK enhanccr-adenovirus 2 late promote cassette, 
before modification to achieve greater enhancing activity, is 
depicted below. This depiction assumes thai the BK 
enhancer is from the prototype strain of BK virtu;, available 
from the ATCC under the VR-837. However, XTCC VR-837 
consists of a mixture of BK variants. Plasmid pBa!8cat and 
the other BK enhancer-containing plasmids of the invention 
comprise mis BK enhancer variant and not the BKprctotype 
enhancer depicted below. As stated above, however, any BK 
enhancer variant can be used in the methods and compounds 
of the present invention. Plasmid pBalScat can tie obtained 
in E. coli K12 HB101 cells from the Northern Regional 
Research Center, Peoria, HL 61604 under the accession 
number NRRL B-18267. 



HxadEH 60 
ff-AAGCTTTTCT CATTAAGGGA AGATXTCCCC ACGCAGCICT TTCAACXKXT AAAAG(5ICCA 

120 

TGACCICCAT GGATTCTTCC CKJTTAAGAA CrXTATCCAX TTTTGCAAAA ATK3CAAAAG 

52? 180 
AATAGGGATT TCCCCAAATA CITTIt3CXAG CSCCICAGAAA AAGCCTCCAC * ACCOTACXA 

240 

CTIGAGAGAA AGGGTGGAGG CAGAGGCGGC CICGGCCTCT TATATATTAT AAAAAMAAG 

300 

GCCACAGGGA GGAGCTGCXT ACCCATGGAA TGCACCCAAA CCATGACCTC ACGAA<3GAAA 

360 



* — ——————— ft W TT Kt rT J ^^t Kff t^V* Tff K wiK mwf — — — — - — ~ * 

GTGCA1GACT CACAGGGGAA TGCACCCAAA CCATGACCTC AGGAAGGAAA GTCCA:K3ACT 

420 

* — _.- — M — -third repeat of theBKcnhanrrr — — 

CACAGGGAGG agctgcttac ccaxggaatg cagccaaacc atcaccicag GAAGGAAAGT 

- -*| 43 bp assert, not fbwud in 3K(DUN) 1 * $0 

GCATGACTGG GCAGCCAGCC AGTGGCAGTT AATAGTGAAA CCCCGCCGAC AGACATGTTT - 

540 

TGCGAGCCTA GGAATCTTGG CCTTGTCCCC AGTTAAACTG GACAAAGGCC ATGGTCCTGC 

GCCAGGCXGT CCICGAGCGG , TGTTCCGCGG TCCTCCTCGT ATAOAAACTC GGACCACTCT 

660 

GAGACGAAGG CTC GC GTCCA GGCCAGCACG AAGGAGGCTA AGTGGGAGGG GTAGCI3GTCG 

7X 

TTGTCCACTA GGGGGTCCAC TCGCTCCAGG GTGTGAAGAC ACATGTCGCC CTCTTCGGCA 

CAATRegioB 780 

TCAAGGAAGG TGATTGGTTT ATAGGTGTAG GCCACGTGAC CGGGTGTTCC TGAA03GGGG 

Hart aits of tnwenptson 

TATA Box • >, 840 

CTATAAAAGG GGCTXGGGGGC GCGTTCGTCC TCACTCTCTT CCGCATCGCT GTCTGCGAGG 

874 

BC1I linker jr,r^ 
GCCAGCTGAT CAGCCTAGGC TTTGCAAAAA GCTT-3' 



wherein A is deoxyadenyl; G is deoxyguanyi; id is deoxy- 
cytidyi; and T is thymidyi 
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The prototype BK enhancer is defined by to three 
J5d£ seances indicated in to.segnence above and 
Son, similarly, with respect to .an adjacent *«P^£ 
other orientation. To bring the enhancer, more ^f%> 
lc J end of the third repeat (which depends on the 
orientation) of the BE. enhancer, closer to the 5 e^ of to 
CAAT rerion of the adenovirus-2 late promoter, about 82 ug 
o^SeSptn^pBt^DNAinl7QulofTOt^ 
were added to 20 ul of 5x Bal31 nuclease buffer (OIM 
Tris-Ha P H=8.1; 0-5M NaCU 0.06 M Cad* and 5 mM 
Na-ETTTA.! and9 liofBaBl nuclease, which was composed 
-Sj «*3 i* (-3 units) of ."slow" 

Bal31 enzyme (marketed by International ^Biotechnologies, 
S ?S 15d5, New Haven. Conn. 06506). The 
tion was incubated at 30* C for about 3 nunutes; flien. ate 
about 10 ul of 0.1M EGTAwere added to stop the reaction, 
me BaBl^digested DNA was collected by emanol precm*- 
Sand c^trifagation.The DNApcllriwas resuspended 
in lx Klcnow buffer and treated with Eenow . 
substantial accordance wimprocedures previously described 



^Kknow-treatedDNAwasresuspendedmlOpl 
bufl^ about 1 ul of the DNA was men seJf-hgatedm. 10 ul 
ofSgTbSfer using T4 DNA and 

dure generates a number of plasmids u» _ which d* BK 
Sac* is placed within 0 to 300 nudeohdes 
me CAAT region of the adenovirus late promote: One 
SLm^sKfromthe above procedure ****** 
Lsmid pBalScat Plasmid pBalScat ^ava^frem*- 
Nt^under the accession number NRRL B-18267. Has- 
SBa^^tains a variant of me BK entacer tot g 
Sieved to contain Wo repeat sequences of about 90 b? 
each. This variant enhancer canbeusedontomemrfofto 
Resent invention by placing the 3' end of to second r=p«i 
within 0 to 300 nucleotides of the CAAT regum of the 

"lE^KX will recognize tot to fc^gg 
prc^durenKXttu^danumberofdistind , plasmtds, of wtah 
g^idpBalScat is illustrative. 

Present placing the BK enhancer at a variety ofdistanc^ 
gSS nucleotides from the CAATjtegton of toAcQ 
bte promoter and thus comprise an important aspect ofto 

f BK enhancer, which can be achieved u^ng *< tam 
procedure or others known to those skilled in the art, can je 
SedvriSh any BK enhancer and any eukaryotic promoter. 

EXAMPLE 18 

Construction of Eukaryotic Host Cell 
Tramformants of the Expression Vectors of the 

Present Invention and Determination of 
Recombinant Gene Expression Levels in Those 

Transfacmanls 

An inipcrtant aspect of me present mvenrion concerns to 
use oftoBK enhancer to sdmulattgeae ^f"*** 6 
^ence of the E1A gene product ^ 293celb con- 
Sveiy express to ElAgene product, 293 cd^are to 
SctaJhosVfor the cukaryodc expressLon vec^^ to 
Scsent invention. 293 cells are human embryomc Wdney 
transformed with adenovirus type 5 (note that any 
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particular type of adenovirus can be used to s apply the E1A 
gene product in the method of the present invention) and are 
available from the XTCC under the accession number CRL 
1573. However, the expression vectors of the present inven- 
tion function in a wide variety of host cells, even if the E1A 
gene product is not present Furthermore, the E1A gene 
product can be introduced into a non-ElA-producing cell 
line either by transformation with a vector of the present 
invention that comprises the E1A gene, such as piasmids 
pLPCElA and pLPCElAl, or with sheered adenovirus 
DNA, or by infection with adenovirus. 

The transformation procedure described below refers to 
293 cells as the host cell line; however, the procedure is 
generally applicable to most eukaryotic cell lines. A variety 
of cell lines have been transformed with the vectors of the 
present invention; some of the actual transformants con- 
structed and related information are presented in the Tables 
accompanying this Example. Because of the great number of 
expression vectors of the present invention, the transforma- 
tion procedure is described generically, and the actual trans- 
f ormants constructed are presented in the Tables. 

293 cells are obtained irom the ATCC under the accession 
number CRL 1573 in a 25 mm 2 flask, containing a confluent 
monolayer of about 5^xl0 6 cells in Eagle's M i n i mum 
Essential Medium with 10% heat-inactivated horse serum. 
The flask is incubated at 37° C; medium is changed twice 
weekly. Hie cells are sub-cultnred by removing the medium, 
rinsing with Hank's Balanced Salts solution (Gibco), adding 
0.25% trypsin for 1-2 minutes, rinsing with fresh medium, 
aspirating, and dispensing into new flasks at a subcultxvation 
ratio of 1:5 or 1:10. 

One day prior to transformation* cells are seeded at 
0.7x10* cells per dish. The medium is changed 4 hours prior 
to transformation. Sterile, ethanol-precipitated plasmid 
DNA dissolved in TE buffer is used to prepare a 2x 
DNA-Cadi solution containing 40 ug/ml DNA and 250 
mM CaCLj. 2x HBS is prepared containing 230 mM Nad, 
50 mM Hepes, and 1.5 mM sodium phosphate, with the pH 
adjusted to 7.05-7.15. The 2x DNA-CaCLj solution is added 
dropwise to an equal volume of sterile 2x HBS. A one ml 
sterile plastic pipette with a cotton plug is inserted into the 
mixing tube that contains the 2x HBS, and bubbles are 
introduced by blowing while the DNA is being added. The 
caidum-phosphate-DNA precipitate is allowed to form 
without agitation for 30-45 minutes at room temperature. 

The precipitate is then mixed by gentle pipetting with a 
plastic pipette, and one ml (per place) of precipitate is added 
directly to the 10 ml of growth ™*Hfa™ that covers the 
recipient cells. After 4 hours of incubation at 37* C, the 
medium is replaced with DMEM with 10% fetal bovine 
serum and the allowed to incubate for an additional 72 
hours before providing selective pressure. For transformants 
expressing recombinant human protein C, the growth 
medium contained 1 to 10 ug/ml vitamin K, a cofactcr 
required for 7-carboxylation of the protein. For piasmids that 
do not comprise a selectable marker that functions in 
eukaryotic cells, the transformation procedure utilizes a 
mixture of piasmids: the expression vector of the present 
invention that lacks a selectable marker; and an expression 
vector that comprises a selectable marker that functions in 
eukaryotic cells. This co-transformation technique allows 
for the identification of cells that comprise both of the 
transfenning piasmids* 

For cells transfected with piasmids containing the hygro- 
mycin resistaiice^cflf erring gene, hygromycin is added to 
the growth medium to a final concentration of about 200 to 
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400 jxg/mL The cells are then incubated at 37° C. for 2-4 
weeks with medium changes at 3 to 4 day Intervals. The 
resulting hygromycin-resistant colonies are transfexxed to 
individual culture flasks for characterization. The selection 
of neomycin (G418 is also used in place of neomydn)- 
resistant colonies is performed in substantial accordance 
with the selection procedure for hygromycin-resistant cells, 
except that G418 is added to a Inal concentration of 400 
jig/ml xather than hygromyciru 293 cells are dhfr positive, so 
293 transfecmants mat contain piasmids comprising the dhfr 
gene are not selected solely on the basis of the dhfr-positrve 
phenotype, which is the ability to grow in media mat lacks 
Irypcxanthine and thymine. Cell lines that do lack a func- 
tional dhfr gene and are transformed with dhir-con tainfn g 
piasmids can be selected for on the basis of the dhfrf 
phenotype* 

The use of the dihydrcfolate reductase (dhfr) gene as a 
selectable m a ^ fffr for introducing a gene or plasmid into a 
dhfr-deficient cell Hne and the subsequent use of methotr- 
exate to amplify the copy number of the plasmid has been 
well established in the literature. Although the use of dhfr as 
a selectable and amplifiabie marker in dhfr-pr^dng cells 
has not been well studied, efficient coampMcation in pri- 
mate cells requires an initial selection using a directly 
selectable ™ffar before the coamplirlcation using methotr- 
exate. The use of the present invention is not limited by the 
selectable marker used. Moreover; ampHfiable markers such 
as metallothionein genes, adenosine deaminase genes, ox 
members of the muMgene resistance family, exe mpl ified by 
P-glycoprotein, can be utilized. In 293 cells, it is advanta- 
geous to transform with a vector that contains a selectable 
marker such as the hygromycin B resistance-conf erring gene 
and then amplify using methotrexate, which cannot be used 
for direct selection of murine dm^-containmg pi a s m ids in 
293 cells. The levels of coamplification can be measured 
using Southern hybridization or other methods known in the 
art Tables 7 and $ display the results of coamplification 
experiments in 293 cells. 

TABLE 3 

•Rr prg»ioaLevefr « 293 Ce ll Tfraasfcnnaaa 

Expxerocn Level (a» measured by 
amount of expressed gece pcodoct ia 
plasmid Expressed Gene cell media) 



pLPCbygl Protein C 

pLPCdhfrl ProtetaC 

pLPC4 ProteiaC 

pLPCS Protein C 

pLPChdl PtoteanC 

pbxflPA TPA 



0J-4.0 ptflO* cells/day. 

0.1-4.0 M^ICP* cells/day. 

0J-2J) pa^lO* cells/dty, cotraoifonxied 

with ptauipSV2hra. 

0.1-2.0 p^lCT cefli/day, n U NinftmnM 

wila plasmid pSV2fcyg. 

ia % tnosksc'usay conducted 24-36 
boon pox-traoaA-xiUfttsoo, about 0.5— 
1.25 p«/i0* ceUi, if the VA^eno 
pxodoet is present ut tbe hoct cell and 
tfaout 10-feJd ks* if not. Stable 
traxafcnmnts produce about 2-5-3.3 ygf 
4 M 10* cdWdmy. 



TABLE 4 

Ergre»kan Levels in MT * f ffF?C ^ Cafl Trmsfonnanto 

Plaamki Expressed Gene Exgiesoon Level 

pLPCbygi Protein C 0^05-0040 *IL*i«y. 

pLPCM Protein C 0025-0.4 ytflO* celWday. 
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TABLE 4-comimied 



i & P Be "*»I*wfc h MK2 (J3XZC CCX7) Cell Tiansfennu is 



Plwnid Expressed Gene Expression Level 



pL?C4 Protein C 


0025-045 p^lO* cells/day, 


PLPC5 ProteiaC 


Gotottsfaaacd with phsmid pSV2fay3f» 


0.025-0.18 cells/day, 




cocransfecrned with plasxnid fSVThjg, 



TABLE 5 



Relative Lerels of ChJoramphmicaoI Acrfylamzufcraae 
(CKI) Produced by Recombinant Plssmids in Various Human 
MdMbntey Ka^aey CeUT™. 

Relative Level* of CAT in Cell Line: 





293 




COS-1 




Plasxnid 


(AICC 




(ATCC 




CRL1S73) 


JcSl&\4« 


CRL1650) 


<atccccl7) 


pLPeat 


047 


0.16 


0.13 


QJD6 


pSV2cai 


I 


1 


1 


I 


pHLcat 


10.4 


2.7 


1.4 


13 


pSBLcat 


3.9 


5.4 


3.4 


13 


pSLcst 


0.20 


3.6 


NT 


L05 


pBaJScat 


17 


1.3 


NT 


U 



b^^w^ c< ^ 2**^ « ^ «n fi* were 

J^w* <*» »f*S» of from 2 to 6 incEviioai(te B ii na tioasof«di^ 
point. ND = not detected NT = not tested. Plasnid pSLcat is aa3o*)Mto 

fc2S^ceU line produces BtA. The COS and ttl*4 ceU T 
«■* we ff P«P«ed by transforation of primary human kidney 
^Z^^^^^T^ m 3740 »™>»^ a defect in the <SS 
*"^^ t -*fa>r See, described by R O. Pd^4Se* 



TABLE 6 

RclativflLovck of Chioranirfceoicol A^tylitonj&wse (CXT) 
«odnce^R«ombiflani Plasmids in \*mocs Human and : Mcctey 
Bdaey Celllioes Corrected for Solan™ Differences m 

■ PbgnidCoov yfembg; 



Relative Level* of CAT in HbH t tm» 



PhsmH 


293 


1C&16-4 


MK2 


pLPeat 

pSY2eat 

pBLcst 


Ol3 
1 

1X6 


5.S 


a25 

(U2 



cmctedty dividing die level of CAT m tr* «u lystw by the iraouni; of 
pIwmdDNA, as cammed by hybridkarioc analysis, the ssme «*U 
Jjw*. Tbc cotrected value for plasmid pSV2cat a 293 cells was tafcw as 
□aity. 



67 



TABLE 7 



Methotrexate xaastxvity and level of HPC 
expression flan 293 ceil* tnas&naed by plamui pLPCM 
and initially lekctgd for fygiomycia icmtioce. 



Level of 


Nuxofeepof 


Level of HPC 


metbonwute (pM) 


colonics 


(Bg/IO* cells) 


0 


confluent 


375 


0.(35 


confhxtat 


1794 


02 


5C0+ 


3786 . 


04 


32 


235 


08 


53 


325 


U 


58 


16S 


3.2 


44 


310 



TABLE 8 

Level of HPC in clones selected for jtowth in increasing Iisyels of 
methotrexate following initial selection with 3tygomvcm (A) of G418 fB) 

HPC fag/lO* cells/drrt m MIX AAft tend of 

5,0 10 





. 0X33 


0.1 


oa 


0.4 


OS 


L6 
















Fool U18 


370 


210 


160 




290 




-1 


1820 


310 


370 


150 


350 


360 


-10 


2170 


220 


370 


U0 


200 




-35 


1320 






210 


200 




-25 


1300 


240 


460 


150 


160 




-37 


2430 




470 


630 


530 


580 


-21 


1100 


1700 






3100 


2450 



21 subclones 



1100 680 



21-1 4100 

21-2 4300 

21-3 3010 

21-4 2970 

21-5 4130 

21-6 ' 2830 

21-7 1130 
21-10b-l 

21-10-3 _ 
H-10V3 nt75 



5790 
4700 



21-WM 
21-10b-5 
21-1QV6 
21-10-7 
21-10b-7 
21-lOb-lO 
21-10-2 

B- 315 600 2200 

Pool 0925 

Subclones 



11155 
10235 
8490 
<20 
4990 
9500 
1703 



MA6 370QO 
bdA4 12250 
Al .40000 

:J3750 

A* -W250 

*de»o«es cotraas&ction with plasmids pLFChd and p5V2ceo. 



EXAMPLE 19 

CcU line AV 12 (ATCC CRL 9595) can be transformed in 
substantial accordance with the procedure described for 273 
cells in Example 18. However, unlike 293 ceils, AV12 cells 
can be directly selected with methotrexate (200-500 nJfl 
when transformed with a vector containing the murine dlifr 
gene. Table 6» below, illustrates the advantages of producing 
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ft T^carbcxylatcd protein, in this instance, activated human 
protein C, in an adenovuus-transfexmed host cell. The 
transformants were selected using hygromycin B or meth- 
otrexate; transformants produced -2 to 4 ug/ml of human 
protein C Protein C levels can be increased to -10 ug/M by 
amplification with methotrexate. The protein C was acti- 
vated and Us activity determined as described in Grinneil et 
aL, 1987, Bio/Technology 5:1189. Activity values are based 
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on an activity of 1.0 for human plasma protein. The activities 
arc exp ressed in ratios of activated "partial tromboplastin 
time (APTT) oyct amidolytic (serine protease) activity or 
amount of protein C antigen (ELBA). 



TABLE 9 



Puacticnal Activity of 

Adencmms^tansfotcied Celt Lines 


CsUIiott 


APTOAmi3o}ytic 


AFTDEUSA 


293/pLPCbd 


L2-I.7 


U-t.7 


AV12/pLPChd 


09-1.45 






ad 


10 


SV20^LPCbd 


od 


QS5 



ad = not determined; SA7 and SV20 am Syrim hamster cdl lines traasfosiied 
with ainian adcoovina 7 rad simian rina 20, respectively. 



Table 9 shows that the recombinant protein C activity 
produced in an adenoviros^teasfonned host ceil is at least as 
active as that found in human blood. In non-adenoviruis- 
transformed host cells, the anticoagulant .activity of the 
recoinbinant protein C produced never exceeds 60* of the 
activity of human blood-derived protein C 

EXAMPLE 20 

Construction of Plasmids p4-14 and p2-5, Plasmids 
that Encode the Tripartite Leader of Adenovirus 
Plasmid s p4-14 and p2-5 both utilize the improve 
BK-enhancer adenovirus late promoter cassette of plasmid 
pBa!8cat and the tripartite leader of adenovirus to drive hijjh 
level expression of human protein C in eukaryotic host cells. 
The DNA encoding the adenovirus tripartite leader (TH,) 
was isolated from adenovirus; numbers in parentheses after 
restriction enzyme cut sites refer to map units of adenovirus. 

Plasmid pUC13 (commercially available from BRL) wis 
digested with restriction enzymes SphI and BamHI and then 
ligated with the TPL-enccding -72 ib SphI (513S)-BcfI 
(1Z301) restriction fragment of adenovirus type 2 to yield 
plasmid pTPL4. Part of an intron was deleted from the 
TPL-encoding DNA by digesting plasmid pTPL4 with 
restriction enzymes Saul (761(5) and BgHT (8904), treating 
with Klenow enzyme, and religauag to yield plasmid 
pATPL. Plasmid pATPL was then digested with restriction 
enzyme Xhol, and the -2.62 Jdb Xhol fragment encoding ths 
TPL (Xhol sites at 5799 and 9689 of adenovirus) was 
isolated and prepared for ligation. 

Plasmid pBLcat was digested with restriction enzymes 
Xhol and Bell and then ligated with the linker: 
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Ji 

TG&GCM* 



toyWd] plasmid pB4Lcat TMs collection replay the 

sequence. PLumid pBALcat was digested with msirtefcm 
^^andligatedwiththe -SZS£ 

Pace flmBKeniianco; adenovirus major late promote; and 

TOLin alignment for expression of the Off gene. 

, ^f"^ 1 P2-5 was men constructed by ligatine these 

gf^f' encodes die dhfr geiie; © the proS 

SL^ 1 ^^ restriction fiiVnent tf 

f^. d ^^P-; »«» (4) the BK^nhanceTEtp! 
cnoodmg Pvull-Aaai restriction fragment of^S 
pBaKcat HasmM p2-5 thus contain, me dhfr gene aTa 
A^^ C '7f^ C »d the BK fnL^r! 

Hasmid p4-14 is analogous to plasmid p2-5 but was 

PjBaWIPL. PUsmid pBaKTPL was constructed by Ratine 
fcgaents 1, 3. and 4, used in the construction £2 

S^St* * ***** ******* ^ 
KPVS *" * gC3ted ^ restriction enzyme Xhol 
toatoi ™fcHenow enzyme to mate the XholSto^ 
ended and men Jigated with the human protein C-encoK 

Et!^^ 1 ^ 14 - Thus^piasmid p4-H ody 
Offers fiom plaamd p2-5 in mat the protein Oencodlne 
S^TT? 34 ^ Xhol site in thefragment attved 
from plasmid pBAL-TPL, whereas in pla^dp2-5 Ms 

Plasmid p4-14 and p2-5 drive high-level exewwsion of 
protein C lo AV12 ceils, jLtopZgZ 

J-o tones more human protein C than AV12/pLPCdifr 
J""*™"* Amplification with methotrexi^S J 
increases the amount of human protein C oroduccd hZ 

Jjger expression levels achieved using the 1PL of adeii- 



^QCHNCEIiSOTJG 



( X ) GENERAL INFORMATION: 

C i i i >WJMBBROFSBQ0ENC2SS2X 

< 2 )INFO»MAnOKPC«SEQIDNO;l: 

< i )S3QCBNCSCHARACIHUSnCSt 
( A ) LSNOm 300 tktaM fmt 

( C } STSLANEBDNBSSi digit 
( D ) TOPOLOGY inew 

< « i )M0L8CULBTW£««WA 
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-continued 



(x i ) SEQUENCE EBSCWPTION: SEQ ID NO:l: 

ACUCUCUUCC OCAUCOCI/OtJ CVOCOAGOOC CAQCWBUOO OCtJCOCOatJtJ OAOOACAAAC 6 0 

UCUtJCOCOOU CUUUCCAOOA C0CUUOOAUC OOAAACCC(JO COOCCUCCOA ACOUACtlCCQ 110 

CCACCOAOOO ACCUOAOCGA (JUCCOCAUCQ ACCOGAUCOC AAAACCUCUC OAOAAAOOCO ISO 

UCUAACCAOU CACAG0COCA 200 



( 2 ) INFORMATION FOR SEQ ID NOA 

< z ) SE<pENC3C£ttILAttERlSI*CSs 

( A )L£NGIH: 33 Ixwpws 

< C )SXftAKDEDNESSi tfafU 
<D )lDPOLOOT:fiMf 

( i t )MOLECULBT»&mRNA 

i%\ ) SEQUENCE DESCRE?TIONt SEQ ID ^0:2: 

Acucucutrcc ocAtrcacuoo cuacoAooac caq 

{ 2 ) INFORMATION ICR SSQ ID NOd: 

< i )SEQUEKC5Cm5lACrESUarriC3: 

{A)l£NCXB:I31tfMpMrt 
(8 )Tgpg:gtrkiorM 
( C ) STRANDEDNESSi <tn^o 
( D } TOPOLOGY: Hae* 1 

(si )MCLBCUI5TYPE:DNA<acDeeBic) 

(x l ) SEQUENCE DESCRIPTION: SEQEDNO&: 

AOCTTTOATC AO 

( 2 )IKPORMXnOf?PORSEQIDfWA 

( i )SEQUENCS CHARACTERISTICS: 
( A ) tEWOia U imm pita 
(3 JTYP&aockurjdd 
( C ) STKANDfiDNESS: uogfe 
( D ) TOPOLOGY: Sawr 

( i i ) MOLECULE TYPE: DUX (genome) 

( x i )SEQUENCSDESCai?TIOH:SBQlDNO:4: 

OCACCTOATC AA 

( 3 ) IKPORMAHOKB3R SEQ ID 2tO£i 

( I > SEQUENCE CHAOACTERISTICS: 
( A ) LENGTH; &b«Mp*a» 
(B )TlfPH;wWnyfri 

< C ) STRANDEDNESSt w«U 
( D ) TOPOLOGY: fine* 

( 1 1 )MOi£CtII£TYPB:DNAfeM>mfe) 

< x i )SEQOENCaDeSC»FXI0HtSEQIDNOd: 

OTQATCAA 

( 2 ) INPORMXnONPOR SBQ ID NOA 

( \ ^SEQ^ENCS CHARACTERISTICS: 
( A ) LBNOIH: Itf b«M put 
(B )TYJEi jodcio*cid 
( C ) SXaANDBDNBSSi ftogfe 
( D )TOPOLOOYifi*MC 
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-continued 

( x i } MOLECULE TYPE: Dfc*A (g*oocaic) 

( x i )SadDENCHDBSC3C?nOW: 5BQID SO* 
GATCTTOATC ACXOCA '* ' 14 

( 2 } FOR 5SQ ZD MCKft 

( i )SBQCJENCHCHA3UCTEWSrnCS: 
( A)L£HOX&3*aupMa 
( 3 )TYPB:aodtio»ad 
( C )STAANDBDNESS:«M> 
{ D ) TOPOLOGY: 

( i i )MCl£aXBT^I^A<tooDoiic) 
(x \ ) SEQUENCE DESCRIPTION: SEQ ID N0.7: 
COGATCCa * 

( 2 ) INFORMATION FC» SEQ ID NCtfc 

( 1 )SBQPBNCSCHAftACrERISIXC3: 
( A ) UNOTS: I bM»pii» 
(B ) TYPE: sod«c acid 
{ C ) SISANDEDKESS; rn^A 
( D ) TOPOLOGY^ JfaNT 

( J i )3tfOLHCtlLStYPE;DWA a i ■ ""■■•) 

( x i ) SEQUENCE DESCRIPTION: SEQ H> NO*: 

S 

COOATCCO 

( 2 ) INHUMATION FOR SEQ ID NO* 

{ i )SBQUENC3 CHARACTERISTICS: 
( A )X£NGTB:2f7faMopuft 
( B )T3£Se:flKldsaG)d 
( C ) SIRAMDBDNESSt bbJo 
( D ) TOPOLOGY: Ejkut 

. ( i i )MOUiCT^TrP&DKAfcw<») 

( x t ) SE<£IENCEDESaUPTK»fc SEQ ID NO* 

AATTCACOCT OTOGTGTTAT GOTCGOTOOT COCTAGOOTG CCOACOCOCA TCTCGACTGC 60 

ACGOTGCACC AATOCTTCTO GCOTCAQOCA OCCAATCOOA AOCTOTOOTA TOOCTGTOCA 120 

GOT CO TAT A A TCACCOCATA ATTCGAGTCG CTCAAGOCGC ACTCCCOTTC CGOATAATOT ISO 

TTTTTOCTCC OACATCATAA COGTTCCOflC AAATATTCTG AAATOAUCTO T TO AC AATT A 2*0 

ATCATCGAAC TAOTTAACTA GTACGCAAGT T CT COT AAA A AOOOTAT 2 » 7 

( 2 ) INFORMATION FOR SSQ ID NO:10: 

( t ) SEQUENCE CSARACTEaJSTiCS: 
( A ) LENGTH: 2SS bmm purs 
( B )TXPHiandritt*e>4 
( C ) OTtAHDHDNESS: mfr 
(D)TQFOUX3«BM 

( 1 I ) MOLECULE TYPE: DMA (M» » m« ) 

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NO:Hfc 

COATACCCTT TTTACOAOAA CTTOCOTACT AOTTAACTAO TTCOATOATT AATTGT C AAC 60 

AGCTCATTTC AGAATATTTO CCOGAACCOT TATQATOTC0 GAOCAAAAAA CATTATCCGO 120 

AACOCOAOTO COCCTTOAOC CACTCQAATT ATOCOOTOAT TATACOACCT GCACAGCCAT 1*0 

ACCACAGCTT CCOATTGOCT OCCTGACOCC AOAAOCATTO OTOCACCOTG CAOTCOAGAT 2*0 
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-continued 



OCOCOTCOOC ACCCTAOCGA CCACCdACCA T AAC ACC AC A OC07Q * 1%3 



( 2 ) INFORMATION FOR SBQ ID NCttJl: 

< i ) SECJTOKS CHARACTERISTICS: 
( A ) LENGTH: »>m pairs 
( B )T»E: mdieKad 
( C }SX*ANDeDNQSS:*ia«S» 
(D)TOPOCXX3%Sour 

( i i ) MOLBCULHTYPE: DNA d«wac) 

(X x ) SEQUENCE DESCRIPnCN: SBQ ID SO:!!; 

CCATATOG t 



( 2 >INrau«nCN FOR SEQ ©NOUS: 

( i )SBq^JETO CHARACTERISTICS: 
( A ) LENGTH: t bait pain 
( B. )TTFE:i»chic*±l 
( C )SIAANBEDNBSS:mgfe 
CD)TOPQLOOV:Bw 

( i i )MOI3CUX^TYPE:DNA(8«aaooic) 

< x i )SE0JCXHCBDESC3UPIIOK:5eQIDNO:a: 
CCATATOC ft 



( 2 ) INPORMATION FOR SEQ ID NO: 13: 

( i ) SgQUENCB CBARACTFRTSTICS: 
( A ) LENGTH: Ibnepain 

( C ) STRANDEDNESS: 
( D )TOPOLCG T &EacJC 

< i i )M01BCUX£T^TCDKAGpaaak;) 

< X i ) SSQCENCB DESCRIPTION: SBQ3D NOil3: 

CQTTAACO ft 



( 1 ) INFORMATION FOR SBQ ID HOilAs 

( 1 ) SEC5JENCS CHARACTERISTICS: 
( A ) LENGTH: Stat* pan 
(B )TTFH:aoekic*ai 
{ C ) STRANDEDNESS: <««}• 
( D ) TOPOLOGY: 2»c* 

( 1 l ) MOLECULE TTFE: DNA (gttocsc) 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO--Mt - . 

COTTAACQ " $ 



( 2 ) INFORMATION FOR SBQ ID NOtIS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 Emm jm 
( B JTYPBiswtaie add 
( C } STRANDEDNESS: uajjk 
( D )TO*OLOOY:EaMC 

{ L i )MC*ECTS TYPE: DNA <fe*enie) 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:t5: 

OQOAAOTGCT OTOAAATATC CACCTOCOOC CTOAOA 3* 



( 2 ) INFORMATION FOR SEQ ID NO:lfi: 
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^ -co ntfn xicd 

( i )SBQUBKZ<XASUiCXBXtSnCSt 
C A ) LENGTH: 46 in 
( B }TnE:aadci6Jad 
< C ) STRANDEDNESSitti^e 

( 1 i )MCCBCmETYPE:DNA<t«m) 

( X i ) SEQUENCE DESCRIPTION: SBQ ID NOjlfi:' 

CTAOAOOOTA TTAATAATGT ATCOATTTAA ATAA0O ACGA AT A AC A 

f 

( 2 ) INFORMATION FOR. SBQ CD NC-.H: 

{ 1 )SH2QEKCS CHARACTERISTICS: 
( A } LENGTH: 44 bw«p*a 
( B )TTPE: TwrTon ickt 
( C )5ntANE£ONESS:a^!a 
(O )TOPOLOC%Bae« 

( i i )MOLECTMTYPE:DKA<ge ? c«) 

( x i ) SBQOENCSDESCaiPnoefe SEQ ID W0tl7t 

TATCTTATTC CTCCTTATTT AAATCQAIAC ATT ATT A AT A CCCT 



( 2 ) INFORMATION PC^ SBQ TO NOsli: 

< x ) SEQUENCE CHAILACXEftlSIICS: 
( A)JLENGTH:22bM«p«i 
( B )TTfPH: wy TwV add 
{ C )STRANEEDNES3:«io S k 
(O)TOPOLOOT.Siear 

( i i ) MOLECULE TYPE: DMA (gczccmc) 

(x i ) SEQUENCE DESCRIPTION: SBQ ED NOtU: 

OATCTATTAA CTCAATCTAQ AC 



( 2 ) INFORMATION FOR SBQ ID N&19: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) USNOIH: 22 bM« ptki 
' ( B )TTFE:ajckic mad 
( C ) STRANDEDNESS: tagfe 
(D)TOPOLOOY:Hw 

( i 1 )MCiiCIJI^TYPE:D^(faotnk) 

( X i ) SEQUENCE DESCRIPTION: SBQ ID NCcl9: 

TCOAOTCTAO ATTO AGTTAA TA 



( 2 ) INFORMATION FOR SSQ ID N030: 

( 1 )SBC^JENCS CHARACTERISTICS: 
( A ) LENGTH: 872 1mm pw* 
( B ) 1'XVZz wckae *M 
i C )STRANDEDNBSS:«aJ« 
(D)TOPOLOGV;fiae« 

{ i i ) MOLECULE TOE: DNACtt-Mmc) 

( x i ) SEQUENCE DESCRIPTION: SBQ ID HOOD: 
AAQCTTTTCT C ATTAAGGOA AQATTTCCCC 
TOAOCTCCAT OOATTCTTCC CTOTTAAOAA 
AATAOGOATT TCCCC AAATA QTTTTCCTAO 
CTTOAOAOAA AOOOTOOAOO CAOAOOCOQC 
OCCACAQOaA OOAOCTOCTT ACCCATOOAA 



AOOCAOCTCT TTCAAOOCCT AAAAOGTCCA 

CTTTATCCAT TTTTOCAAAA AXTOCAAAAO 

OCCTCAOAAA AAOCCTCCAC A CCCT TACT A 

CTCOQCCTCT TATATATTAT AAAAAAAAAO 

TO C AO CC AAA CCATOACCTC AGO A AO G AAA 



75 



-continued 



OTOCATOACT 


CACAOOOOAA 


TOCAOCCAAA 


CCATOACCTC 


AOOAAOO AAA 


OTOCATOACT 


3 6 0 


CACAOOOAOO 


AOCTOCTTAC 


CCATOOAATO 


CAGCCAAACC 


ATOACCTCAO 


O A AOO A A AO T 


410 


OCATOACTGG 


OCAOCCAOCC 


AOTOOCAGTT 


AATAGTOAAA 


CCCCOCCOAC 


AOACATOTTT 


4 »0 


TOCOAOCCTA 


OOAATCTTOO 


CCTTOTCCCC 


AOTTAAACTG 


OACAAAOOCC 


ATOCTTCTOC 


5 40 


QCCAOOCTOT 


CCTTCOAOCO 


OTOTTCCOCO 


OTCCTCCTCO 


T AT AO A AAC T 


COOACCACTC 


6 0 0 


TOAOACOAAO 


OCTCOCOTCC 


AOOCCAOCAC 


OAAOOAOOCT 


AAOTOOO AOO 


OOTAGCOOTC 


6 6 0 


OTTOTCCACT 


AOOOOOTCCA 


CTCOCTCCAO 


OOTOTGAAGA 


CACATOTCOC 


CCTCTTCGOC 


7 10 


AT C A AO OA AG 


OTOATTOOTT 


TATAOOTOTA 


OOCCAOACCO 


OOTOTTCCTO 


AAOOOOGOCT 


710 


ATAAAAOOOO 


OTOOOOOCOC 


OTTCOTCCTC 


ACTCTCTTCC 


OCATCGCTOT 


CTOCGAGOOC 


t 40 


CAOCTOATCA 


OCCTAOOCTT 


TOCAAAAAOC 


TT 
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( 2 > INFORMATION POR SEQ ID 












( 1 )SBC5JEW CHARACTERISTICS: 
( A ) LENGTH! «3 %«• p«r» 
( B ) TYPE: wtritm triri 
( C )S3IUNDB0NBS3:** 
(D)TWOtOO%fiiur 










( 1 i ) MOtBOJUSTn'B: WA (fesaak) 










{ x t )SBQCENCBDfiSC3UrnON:SSQIDNCh31: 










AAOCTTTTCT 


CATTAAOGOA 


AOATTTCCCC 


AOOCAGCTCT 


TTCAAOOCCT 


A A AAOOTC C A 


6 0 


TOAOCTCCAT 


OGATTCTTCC 


CTOTTAAOAA 


CTTTATCCAT 


TTTTOC AAAA 


ATTOCAAAAG 


1 2 0 


AATAOOOATT 


TCCCCAAATA 


OTTTTOCTAO 


GCGT C AO AAA 


AAOCCTCCAC 


ACCCTTACTA 


1 » 0 


CT TO AO AO A A 


AOOOTOOAOO 


CAOAOOCOOC 


CTCOOCCTTC 


TTATATATT A 


T A AAAA A A A A 


2 4 0 


OGCCACAOOO 


AOOAOCTOCT 


TACCCATQOA 


ATOCAOCCAA 


ACCATOACCT 


CAOOAAOO AA 


2 0 0 


AOTOCATOAC 


TCACAOOOOA 


ATOCAOCCAA 


ACCATOACCT 


C AGO A AO OA, A 


AOTOCATOAC 


3 4 0 


TCACAOGGAO 


OAOCTGCTTA 


CCCATOOAAT 


OCAOCCAAAC 


CATOACCTC A 


OO A AOO A A AO 


4 2 0 


TOCATOACTO 


OOCAOCCAOC 


CAOTGOCAOT 


TAATACAOOO 


TOTOAAOACA 


CATOTCOCCC 


4*0 


TCTTCOOCAT 


CAAOOAAOOT 


OAATTOOTTT 


AT AOO TOT AO 


OCCACOTOAC 


COOOTOTTCC 


5 40 


TOAAOOOOOO 


CT AT AAA AOO 


OOOTGGGGOC 


GCOTTCOTCC 


TCACTCTCf T 


CCOCATCOCT 


6 0 0 


OTCTOCOAOG 


OCCAOTOATC 


AOCCTAGGCT 


TTGCAAAAAO 


CTT 
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I claim: 



i/A ^Tbc|rccombiiiJint human protein C molecule produced 
by inserting a vector comprising the DNA encoding human 50 
protein C into an adenovinis-transformcd host cell then 
cuituring said host cell under growth conditions suitable for 
production of said recombinant human protein C 

2. The recombinant human protein C molecule of claim 1 
wherein the adenovirus-transformed host cell is selected 55 
from the group consisting of AV12 cells and human embry- 
onic kidney 293 cells. 

3. The recombinant human protein C molecule of rfa*™ z 
wherein the adenovirus-transformed host cell is an AV12 
cefl. 

4. The recombinant human protein C molecule of gi*'*m :> 
wherein the adenovirus transformed host cell is a human 
embryonic kidney 293 cell. 
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j L Human protein C having a glycosylation 
pattern containing N-acetylgalactosamine (GalNAcV 



6. The human protein C of Claim 5. wherein 
the protein C is human protein C zymogen. 

7. The human protein C of Claim 5, wherein 
the protein C is activated human protein C. 

The human protein C of Claim 5. wherein 
said human protein C has at least 2.6 moles of N- 
acetylgalactosamine per mole of protein C. 

^ 2a Human protein C produced by introducing 
DNA encoding protein C into a cell and expressing said protein C 
in said cell, wherein said protein C has a glycosylation pattern 
containing N-acetylgalactosamine (GalNAc). 

10. The human protein C of Claim 9. wherein 
the protein C is human protein C 2ymogen. 

11. The human protein C of Claim 9. wherein 
the human protein C is activated protein C produced by introducing 
DNA encoding protein C into a cell, expressing said protein C in 
said celL and activating the protein C. 



12. The human protein C of Claim 9. wherein 
said cell is an adenoviras-transformed host cell. 
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1IL The human-protein C of Claim 1 0. wherein 
said cell is an adenovirus-transformed host cell. 



14. The activated human protein C of Claim 1 1 . 
wherein said cell is an adenovirus-transformed host cell. 

15, The activate d human protein C of Claim 14 n 
wherein th e adenovirus-transformed host cell is selec ted from the 
group cons isting of AV12 cells and human embryoni c Tcidnev ?Q1 
cells. 

Ik The activated human protein C molecule of 
Claim 14- wherein the adenovirus-transformed host cell is a human 
embryonic kidnev 293 cell. 

^YL A recombinant y-carboxvlated protein 
produced by inserting a vector comprising a DNA vector encoding 
such protein into an adenovirus-transformed host cell, then 
culturing s aid host cell under conditions suitable for production of 
said recombinant protein. 

JJL A recombinant human protein C molecule of 
Claim L wherein the human protein C is activated protein C 
produced by inserting a DNA vector encoding protein C into an 
adenovirus-transformed host cell, culturing said host cell under 
conditions suitable for production of said recombinant p rotein; and 
activating t he protein C to produce activated protein C . 
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19, The human-protein C of claim 5, wherein 
said protein C contains fucose in an amount of at least about 4.0 
moles fucose per mole of human protein C. 

2CL The human protein C of claim 5. wherein 
said protei n C contains N-acetylgalactosamine in an stmount of at 
least abou t .62 moles N-acetvlgalactosamine per mole of human 
protein C. 

2L The human protein C of claim 5. wherein 
said protei n C contains oligosaccharide chains which are N-linked 
and does n ot contain O-linked oligosaccharide chains . 

22. The human protein C of claim 5, wherein 
said protein C contains oligosaccharide chains which are N-linked. 

The human protein C of claim 5, wherein 
said protein C contains oligosaccharide chains which do not 
contain O-linked oligosaccharide chains. 

25* The human protein C of claim 5. wherein 
said protein C is fully y-carboxylated and glycosylated at positions 
97. 248. 313 and 329. 



26. The human protein C of claim .5. wherein 
said protein C contains less than about 10 moles sialic acid per 
mole of human protein C. 
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J 2L Human protein C which differs from human 
plasma protein C in t hat sialic acid residues have bee n removed 
and N-ac etvlgalactosamine residues have been added . 

28. The human protein C of claim 5. wherein 
said protein C contains about 4.8 moles fucose per m ole of human 
protein C. 

29* . The human protein C of claim 5 n wherein 
said protein C contai ns about 2.6 moles N-acetvlgalactosamine per 
mole of human protein C. 

30* The human protein C of claim 5, wherein 
said protein C contain s about 12.4 moles N-ace1ylp himsflmine per 
mole of human protein C. 

1L The human protein C of claim 5 , wherein 
said protein C contai ns about 6.0 moles galactose per mole human 
protein C. 

22* The human protein C of claim 5 . wherein 
said protein C contain s about 8.5 moles mannose per mole human 
protein C. 

21, The human protein C of claim r \ wherein 
said protein C contains about 5.4 moles sialic acid p er mole human 
protein C. 

J 34i Human protein C having about 4.8 moles 
fucose per mole of human protein C about 2.6 moles N- 
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acetylgalactosamine per mole of human protein C. about 12.4 
moles N-acetylglucosamine per mole of human protein C. about 
6.0 moles galactose per mole human protein C about 8.5 moles 
mannose per mole human protein C and about 5.4 moles sialic acid 
per mole human protein C. 



35. Human protein C having increased 
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Sir: 

I, Brian W. Grinnell, the undersigned Petitioner, hereby declares that I reside at 
3625 East 71 st Street, Indianapolis, Indiana 46220, and that I am a citizen of the United States. 
I believe that I am the first, original and sole inventor of the subject matter which is claimed in 
this application for reissue and for which reissue of the original Letters Patent, U.S. Patent 
No. 5,681,932, on the invention entitled "METHOD OF USING EUKARYOTIC 
EXPRESSION VECTORS COMPRISING THE BK VIRUS" is sought. I do not believe that 
the invention was ever known or used before my invention thereof was made. 

The entire right, title and interest in and to United States Letters Patent No. 
5,681,932, granted October 28, 1997, and entided "METHOD OF USING EUKARYOTIC 
EXPRESSION VECTORS COMPRISING THE BK VIRUS ENHANCER" is vested in Eli Lilly 



Application No. Unassigned 
Reissue of U.S. Patent No. 5.681.932 
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and Company, a corporation existing under the laws of the State of Indiana, having a place of 
business at Lilly Corporate Center, Indianapolis, Indiana 46285. 
Petitioner further declares the following: 

Petitioner verily believes United States Letters Patent No. 5,681,932 may be at 
least partly inoperative for the reason that Petitioner claimed less than Petitioner had the right to 
claim in the patent. 

The first set of claims to be added defines a human protein C having a 
glycosylate pattern containing N-acetylgalactosamine (GalNAc). See, claims 5-28 and 33. It 
was error for Petitioner to omit a set of claims defining human protein C in this manner in the 
Patent. Support for claims of this scope, e.g., claims 5-28 and 33, may be found at the very least 
at from column 16, line 59 to column 17, line 64, including Table 2, md at from column 68, line 
65 to column 69, line 23. It was error for Petitioner to omit such claims in the Patent. 

The second set of claims to be added defines a human protein C having specified 
amounts of fucose and N-acetylgalactosamine per mole of human protein C. See, claims 29-32. 
Support for claims of this scope, e.g., claims 29-32, may be found at the very least at from 
column 16, line 59 to column 17, line 20, in particular Table 2. It was error for Petitioner to omit 
such claims in the Patent. 

The third set of claims to be added defines a human protein C having about 50% 
less sialic acid than human plasma protein C. See, claims 34 and 35. Support for claims of this 
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Application No. Unassigned 
Reissue of U.S. Patent No. 5.681.932 
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scope, e.g., claims 34 and 35, may be found at the very least at Table 2, column 17, lines 1-14. It 
was error for Petitioner to omit such claims in the Patent. 

The fourth set of claims to be added define a human protein C having increased 
anticoagulant and functional activities as compared to plasma human protein C. See, claims 36 
and 37. Support for claims of this scope, e.g., claims 36 and 37, may be found at the very least at 
from column 16, lines 48-67, and at column 17, lines 55-57. It was error for Petitioner to omit 
such claims in the Patent. 

The fifth set of claims to be added defines a human protein C having a 
glycosylation pattern containing N-acetylgalactosamine (GalNAc) as a product-by-process claim. 
See, claims 38-45 Support for claims of this scope, e.g., claims 38-45, may be found at the very 
least at from column 15, line 61 to column 17, line 64, and at from column 68, line 65 to column 
69, line 23. It was error for Petitioner to omit such claims in the Patent. 

In addition, new claim 46 defines a recombinant y-carboxylated protein by the 
process used to produce the protein. Support for this claim may be found at the very least at 
column 15, lines 36-60. It was error for Petitioner to omit a claim of tMs scope in the Patent. 

Further, claim 47 defines a recombinant glycoprotein produced by a host cell 
selected from the group consisting of AVI 2 cells and human embryonic kidney 293 cells. 
Support for this claim may be found at the very least at column 15, line 30 to column 1 6, line 37. 
It was error for Petitioner to omit a claim of this scope. 
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Claims 48-50 further define the recombinant human protein C of claim 1 by the 
process used to produce it. Support for these claims may be found at the very least at column 1 5, 
line 35 to column 16, line 37. It was error for Petitioner to omit a claim of this scope in the 
Patent. 

Since this reissue is being filed within two years of the issue date of the above- 
identified patent, broader claims than those in the issued patent are permissible. 

This application for reissue of the original Letters Patent addresses the above- 
identified errors in Petitioner claiming less than Petitioner had the right to claim in the patent by 
adding new claims as identified supra. All of the errors being corrected in the above-identified 
reissue application occurred without any deceptive intention on Petitioner's part. 

Petitioner has reviewed and understands the contents of the specification, 
including the claims, as presented in the accompanying application for reissue. 

Petitioner acknowledges the duty to disclose information of which Petitioner is 
aware and which is material to the examination of this application for reissue. 

The undersigned hereby declares further that all statements made herein of his 
own knowledge are true, and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under section 
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1001 of title 18 of the United States Code, and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 



Respectfully submitted, 




Eli Lilly and Company 
Lilly Corporate Center 
Indianapolis, Indiana 46285 
(317) 276-2000 



'932 Amended Claims 



1 • (Amended) A [The] recombinant human protein C molecule produced by 
inserting a vector comprising the DNA encoding human protein C into an adenovirus- 
transformed host cell then culturing said host cell under growth conditions suitable for 
production of said recombinant human protein C. 

L Human pro tein C having a glvcosylation pattern containing N- 
acetvlgalactosamine fGalNAc). 

& The human protein C o f Claim 5. wherein the protein C is human protein 

C zymog en. 

ji} £ The human protein C of Claim 5. wherein the p r otein C is activated human 

W protein C. 

: %J ^ The human protein C o f Claim 5. wherein said human protein C has at 

% least 2.6 m oles of N-acetvlgalactosamine per mole of protein C. 

§l ^ Human protein C prod uced by introducing DNA encoding protein C into a 

j{ cell and expre ssing said protein C in said cell wherein said protein C has * gl ycosvlation pattern 
containing N-acetvlg al actosamine fGalNAcY 

10- The human protein C of Claim 9. wherein the p rot ein C is human protein 

C zymogen. 

1L The human protein C o f Claim 9. wherein the human protein C is activated 
protein C produced by introducing DNA encoding protein C into a cell, exp r essing said p rotein C 
in said celL and activating the protein C. 
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12a. The human protein C of Claim 9, wherein said cell is an adenovirus- 
transformed host cell. 

liL The human protein C of Claim 10. wherein saiid cell is an adenovirus- 
transformed host cell. 

14L The activated human protein C of Claim 1 1 . wherein said cell is an 
adeno virus-transformed host celL 

JJL The activa ted human protein C of Claim 14. wherein the adenovirus- 
transformed host cell is s elected from the group consisting of AV1 2 cells and human embryonic 
^ kidney 293 cells. 

|v- s 

!3§ 14 The activat ed human protein C molecule of Claim 14. wherein the 

adenovirus-tr ansformed host cell is a human embryonic kidnev 293 c ell. 



iftj 



12* A recombinant y-carboxvlated protein produced bv inserting a vector 
% comprising a DNA vector encoding such protein into an adenovims-t mns formed host cell, then 
culturing said host cell unde r conditions suitable for production of said recombinant protein. 

JiL A recombi nant human protein C molecule of Claim 1. wherein the human 
protei n C is activated protein C produced bv inserting a DNA vector encoding protein C into an 
adenovirus-transformed host cell, culturing said host cell under conditions suitable for production 
of said recombinant protei n: and activating the protein C to produce activated protein C. 

The human protein C o f claim 5. wherein said protein C contains fucose in 
an amount of at least about 4.0 moles fucose per mole of human protein C. 
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2JL The human protein C of claim 5. wherein said protein C contains N- 
acetylgalactosamine in an amount of at least about .62 moles N-acetylgalactosamine per mole of 
human protein C. 

2L The human protein C of claim 5. wherein said protein C contains 
oligosaccharide chains which are N-lin k ed and does not contain O-linked oligosaccharide chains 

22, The human protein C o f claim 5. wherein said protein C contains 
oligosaccharide chains which are N-linked. 



22, The human protein C of claim 5. wherein said p r otein C contains 
e % oligosaccharide chains which do not contain O-linked olig osaccharide rhaing 

: A 

i# 2L The human protein C of claim 5. wherein said pm t e jn C is fiillv y- 

jJi carboxvlated and glycosyl ated at p ositio ns 97. 248. 313 and .329. 

13 f 

k 2A The human protein C of claim 5. wherein said protein C contains less than 

St about 10 moles sialic ac id per mole of human protein C 

\§ 2L Human protein C which differs from human p las ma protein C in that sialic 

acid residues have been removed and N-acetvlg alac tosamine residues h*™ bp e n added. 

2S, The human protein C of claim 5. wherein said protein C contains about 4.8 
moles fucose per mole of human protein C, 

22- The human protein C of claim 5. wherein said protein C contains about 2.6 
moles N-acetvlpalactosamin e per mole of human protein C. 
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30. The human protein C of claim 5. wherein said protein C contains about 
12.4 moles N-acetylglucosamine per mole of human protein C. 

31. The human protein C of claim 5. wherein said protein C contains about 6.0 
moles galactose per mole human protein C. 

32. The human protein C of claim 5. wherein said protein C contains about 8.5 
moles mannose per mole human protein C. 

33. The human protein C of claim 5, wherein said protein C contains about 5.4 
moles sialic acid per mole human protein C. 

34. Human protein C having about 4.8 moles fucose per mole of human 
protein C about 2.6 moles N-acetylgalactosamine per mole of human protein C. about 12.4 
moles N-acetylglucosamine per mole of human protein C. about 6.0 moles galactose per mole 
human protein C. about 8.5 moles mannose per mole human protein C and about 5.4 moles sialic 
acid per mole human protein C. 

35. Human protein C having increased anticoagulant activity as compared to 
plasma human protein C. 
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Figure 1 1 
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Figure 20 
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